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A bstract
A t o t a l  o f  116 s t r a i n s  of anaerob ic  Gram p o s i t iv e  cocc i (AG+C) were 
i s o l a t e d  from d i f f e r e n t  c l i n i c a l  s o u rc e s .  89% o f  th e  i s o l a t e s  w ere  
c h a ra c te r is e d  and id e n t i f i e d ,  using the  V irg in ia  Poly technic  I n s t i t u t e  
(VPI) sy s te m , and com pared w i th  24 c u l t u r e  c o l l e c t i o n  s t r a i n s .  The 
o r i g i n a l  d e s c r i p t i o n s  o f  th e  i s o l a t e s  s t u d i e d  have been expanded and 
brought up to  da te  by inc lud ing  a d d i t io n a l  c h a r a c te r i s a t io n  t e s t s .
An a t te m p t  was made to  c l a s s i f y  74 of the  c l i n i c a l  i s o l a t e s  on the  
b a s i s  o f  t h e i r  s u s c e p t a b i l i t y  to  a n t i b i o t i c s  and d y e s ,  and o f  48 
i s o l a t e s  on the  b a s is  of t h e i r  production of the end-products  from fo u r  
s u g a r s .  These e x p e r im e n t s  d e m o n s t ra te d  no s i g n i f i c a n t  tax o n o m ic  
c r i t e r i a ,  b u t  c e p h ra d in e  f o l lo w e d  by vancom ycin  w ere  h ig h ly  a c t i v e  
ag en ts  a g a in s t  (95% and 97% re s p e c t iv e ly ) th e  c u l tu re s  o f  AG+C.
A comparative study of amino ac id  u t i l i z a t i o n  has been made o f  39 
s t r a i n s  o f  AG+C. F i f t e e n  o f  t h e s e  w ere  c l i n i c a l  i s o l a t e s .  The 
remaining 24 were re fe ren ce  s t r a i n s  inc lud ing  a l l  o f th e  a v a i la b le  named 
sp ec ie s  o f  AG+C, and a re  of c l i n i c a l  importance. This study was based 
on th e  a b i l i t y  o f  th e  o rg a n is m s  to  u t i l i z e  18 am ino a c i d s ,  u s in g  an 
amino acid  analyzer.  Q u a n t i ta t iv e  a n a ly s is  o f  the  c e l l  w a ll  components 
o f  th e  same r e f e r e n c e  s p e c i e s  was a l s o  d e te rm in e d .  In  g e n e r a l  th e  
r e s u l t s  o f  th e  c e l l  w a l l  s tudy  c o n f i rm s  th e  g ro u p in g  deduced from  th e  
am ino a c id  u t i l i z a t i o n  s tu d y  a s  w e l l  a s  th o s e  o f  th e  c o n v e n t i o n a l  VPI 
system. The data  obtained from amino ac id  u t i l i z a t i o n  were su b jec ted  to  
num erical taxonomic a n a ly s is ,  invo lv ing  an e s t im a te  o f  Gower's g en e ra l  
s i m i l a r i t y  c o e f f i c i e n t  and c l u s t e r e d  by u n w e ig h ted  p a i r - g r o u p i n g  
a r i t h m e t i c  av e rag e  (UPGMA) l in k a g e  by e l e c t r o n i c  co m p u te r .  At a 
s im i l a r i t y  le v e l  of 80% or g re a te r ,  a l l  i s o l a t e s  s tu d ied  were c lu s te r e d  
in to  seven groups. Group A contained the sp ec ie s  .Q*. a n ae ro b ia . Group B 
contained Pc* a sa c ch a ro lv t ic u s .  Pc. aeroeenes and £c* p r e v o t i i . Group C 
was composed of the s t r a i n s  ££* magnusT Pc. anaerobius . Pc. v a r i a b i l i s .  
Pc. g l v c i n o p h i l u s ,  P s t .  m ic ro s  and S a r c in a  v e n t r i c u l i . Group D 
c o n ta in e d  th e  s p e c i e s  S t r .  c o n s . te l l  a t u s f S t r .  mo r b i l l o r u m .  Pc.
and Megasphaera e l s d e n i i . Group E c o n ta in e d  P s t .
Group F and G c o n ta i n e d  a
i i i
s in g le  sp ec ie s  o f  V e i l lo n e l la  parvula  and Pst. anaerob iusT re s p e c t iv e ly .  
Four s t r a i n s  were c lu s te re d  sep a ra te ly ,  these  were two sp ec ie s  o f  P s t .  
p ro d u c . tu s , and one o f  each  s p e c i e s  o f  S t r .  roo r b a l l o r u m and S .tr . 
i n t e r me d i u s . The p o s s i b l e  v a lu e  o f  th e  c e l l  w a l l  com ponents  a s  a 
taxonomic c h a ra c te r  to g e th e r  w ith  the  taxonomic im p lic a t io n  o f  th e  amino 
ac id  u t i l i z a t i o n  a re  d iscussed .
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In tro d u c tio n
A n aero b ic  G ra m -p o s i t iv e  c o c c i  (AG+C) w hich a r e  im p o r t a n t  in  human 
i n i e c t i o n s ,  in c lu d e  th e  g e n e ra  P e p to co ccu s  ( P c . ) , Pept o s t r e p to c o c c u s  
( P s t . )  and S t r e p t o c o c c u s ( S t r . ) .
There  have been many su rv e y s  w hich  have shown t h a t  a n a e r o b ic  
b a c t e r i a ,  i n c lu d in g  AG+C, can be i s o l a t e d  from c l i n i c a l  s p ec im e n s ,  
e i t h e r  in  mixed (E a l lo w s  g t  g l . ,  1974; M ar t in ,  1974; H o llan d  g t  g l . ,  
1977 and S u t t e r  g t  a l . ,  1980) or pure c u l tu re  (Sanduskey e t  g l ., 1948). 
S to k e s  (1958) r e c o v e re d  642 a n a e r o b ic  s t r a i n s  from 496 c l i n i c a l  
specimens from v a r io u s  sources in  the  fo llow ing  c a te g o r ie s :  AG+C 48%;
B a c t e r o i a e s  41%; C l o s t r i d i a  5.3% an a  o t h e r s  (AG-C, a n a e r o b ic  
d i p h t h e r o i d e s ,  b a c i l l i  and l a c t o b a c i l l i )  5.7%. F o r ty  n in e  per c e n t  o f  
th e  AG+C w ere  i s o l a t e d  in  pure  c u l t u r e .  The AG+C acc o u n te d  f o r  40% o f  
th e  t o t a l  a n a e r o b ic  i s o l a t e s  from d i f f e r e n t  l e s i o n s  (H o llan d  ej: a l ., 
1977). O th e rs  r e p o r t  v a lu e s  o f  21% (Moore e t  a2 . ,  1969) ana  25% (P ien  
e f c a l . ,  1972 and M ar t in ,  1974).
The s p e c i e s  o f  P e p to co ccu s  and P e p to s t r e p to c o c c u s  a r e  d i f f i c u l t  t o  
id e n t i fy  to  genus and sp ec ie s  le v e l  because, a s  a group, th e  members show 
conside rab le  v a r i a t io n  in  morphology, c u l tu r a l  c h a r a c t e r i s t i c s  and most 
of them are  non-carbohydrate fe rm en te rs  (Breed, Murray and Smith, 1957; 
Sm ith  and Holaeman, 1968; P ien  g t a l . ,  1977; and S u t t e r  e t  a j, . ,  1980). 
In  a d d i t i o n ,  th e  e x i s t i n g  c l a s s i f i c a t i o n  f o r  AG+C i s  u n s a t i s f a c t o r y  
because the  nomenclature and conventional c r i t e r i a  used to  sep a ra te  the  
v a r i o u s  s p e c i e s  a re  n o t  c o n s i s t e n t l y  used by d i f f e r e n t  l a b o r a t o r i e s  
(Rogosa, 1974 a -d ;  W ells  and F i e l d ,  1976; Holdeman e t  g l . ,  1977 and 
S u t t e r  e t  a l . ,  1980).
The AG+C posed a number of te ch n ica l  problems which have prevented 
the  f u l f i lm e n t  of Koch’s p o s tu la te s  w ith  regard  to  t h e i r  pa thogenesis. 
These may be summarised a s  fo llow s:
1. P u r i f i c a t i o n  h a s ,  u n t i l  r e c e n t l y ,  been a m a jo r  p roblem  f o r  many o f  
the  o b l ig a te ly  anaerobic  b a c te r ia .
2. Their n u t r i t io n a l  spectrum i s  very va ried  (but g en era l ly  f a s t id io u s )  
and, thus, has fu r th e r  complicated t h e i r  i s o la t io n  and c u l tu re .
i
3. As a r e s u l t  o f  1 and 2; t h e i r  m e tab o lism  i s  p o o r ly  u n d e rs to o d  and, 
th u s ,  s p e c i a t i o n  has  been s p u r io u s .  C o n seq u en tly ,  t h e i r  taxonomy and 
eco lo g y  has  been in c o m p le te  and co n fu sed .  W orkers in  t h e  f i e l d  o f  
a n a e ro b e s  (S p ea rs  and F r e t e r ,  1958; Rosebury and R eyno lds , 1964: 
D ra sa r ,  1967; Aran^i g t a 2 . ,  1969; Gordon and Dubos, 1979 and D ra sa r  
and C ro w th e r ,  1971) have found t h a t  by u s in g  P re - re d u c e d  A naerob ic  
S t e r i l e  m edia (PRAS) o f  r o l l  tu b e s  o r  th e  a n a e r o b ic  chamber under 
c o n d i t i o n s  a p p ro a c h in g  c o n t in u o u s  a n a e r o b i o s i s ,  r a t h e r  t h a n  t h e  
conventional anaerobic j a r  techniques, the  id ea l  environment i s  provided 
fo r  the  d e ta i le d  study of the  f a s t id io u s  anaerobes. Thus, t h e i r  r o le  in  
pathogenesis w i l l  emerge when these  problems have been overcome by the  
a p p l ic a t io n  of contemporary methods.
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1. H is to r ic a l  Review of the  Development of the  C la s s i f ic a t io n  of the  
Anaerobic Gram P o s i t iv e  Cocci.
The f i r s t  r e p o r t e d  o b s e r v a t io n  o f  m ic ro o rg a n ism s  a r r a n g e d  in
p a c k e ts  was t h a t  o f  G o o a s ir ,  i n  1842 and he p roposed  th e  g e n e r i c  name 
S arc ina . In co n s id e ra t io n  of t h e i r  presence in  the  stomach con ten ts ,  of 
a p a t ie n t  w ith  g a s t r i c  fe rm en ta tion , he named them Sarcina y e n t r i c u l i . 
However, the  f i r s t  i s o l a t i o n  of the  anaerobic  G ram -positive  cocci (AG+C) 
i s  g e n e r a l l y  c r e d i t e d  t o V e i l l o n ,  who in  1893 d e s c r ib e d  M icro coccus 
f o e t id u s . from a case of suppurative  b a r t h o l i n i t i s  ( in  pure c u l tu re )  and 
a lso  from mixed in fe c t io n s  from a p e rin ep h ric  abscess  and from Ludwig’s 
an g in a .  T h is  o rgan ism  was c h a r a c t e r i z e d  by p ro d u c t io n  o f :  a c id  from  
g lu c o s e ,  f r u c t o s e ,  g a l a c t o s e ,  and s u c r o s e ,  gas  and f o u l  s m e l l  in  
c u l tu re s .  All the  fo llow ing  t e s t s  were un ifo rm ally  negative; a rab inose , 
m altose, g ly ce ro l ,  m annito l, d u lc i to l  fe rm en ta tion , s ta r c h  h y d ro ly s is ,  
m ilk and g e la t in  l iq u e fa c t io n .  M orphologically the  c e l l s  formed cocci 
in  sh o rt  chains. The c e l l  s iz e  was 0.8 to  1 micron in  diam eter.
Other ea r ly  i s o la t io n s  of AG+C include Kronig (1895) who recovered
from Micrococcus fo e t id u s  only in th e  production of acid  from m altose . 
Lewkowicz, in  1901, r e c o v e re d  an e x tre m e ly  m in u te  AG+C grow ing  u n d er  
s t r i c t l y  anaerobic co n d itio n s  and which produced n e i th e r  gas nor odour 
in  a r t i f i c i a l  m edia ; and b io c h e m ic a l ly  re sem b le d  th e  s t r a i n s  o f
(1905) who p roposed  t h a t  a l l  s t r a i n s  o f  AG+C shou ld  be p la c e d  in  a
I t  was n o t ,  how ever, u n t i l  1907 t h a t  G ra f  and W it tn e b e n  o b ta in e d  
s t r a i n s  of S trep tococcus evo lu tus  from ce reb ra l  abscesses , and separa ted  
them from th e  o th e r  AG+C by t h e i r  a b i l i t y  t o  become a e r o t o l e r a n t  on 
su b cu l tu re ,  l iq u e fy  g e la t in ,  and produce ac id  and curdled milk. Three 
y ears  l a t e r  Schottrnueller (1910) is o la te d  AG+C c u l tu re s  from puerpera l 
in fe c t io n ,  and he gave the name S treptococcus p u tr id u s to  t h i s  s t r a in .  
M o rp h o lo g ic a l ly  th e  s p e c i e s  o f  S t r e p to c o c c u s  pu t r id u s  d i f f e r s  from
anaerobius from cases of puerpera l sep s is ,  which d i f f e r s
anaerob ius . These f ind ings  were l a t e r  confirmed by Natvig
s in g le  group
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H ic ro co ccu g  fo .e t id u s  in  t h a t  th e  c e l l s  form ed lo n g  c h a in s  and w ere o f  
sm alle r  c e l l  s ize  o f  0.8 micron in  d iam eter . T i s s i e r  (1926) recovered 
a new s p e c i e s  -  S t r e p t o co ccus l a n c e o l a t u s from c a s e s  o f  e n t e r i t i s .  
This organism was ch a rac te r iz ed  by having la rg e  ovoid c e l l s  (1.2 to  1.4
^m in  d ia m e te r )  and th e  a b i l i t y  to  f e rm e n t  g lu c o s e ,  s u c r o s e  and 
hydrolyse s ta rc h  but did not u t i l i z e  la c to se .
At t h i s  e a r l y  s ta g e  in  th e  deve lopm en t o f  t h i s  g roup , d i a g n o s t i c  
c r i t e r i a  w ere  ve ry  l i m i t e d .  'An a t t e m p t  t o  a r r a n g e  th e  AG+C i n t o  ta x a  
was made by Prevot (1925). On th e  b a s is  of p h y s io log ica l  and biochem ical 
s t u d i e s  he e s t a b l i s h e d  th e  o r i g i n a l  scheme to  in c lu d e  2 g ro u p s  and 7 
sp ec ie s .
Group A included those  spec ies  which produced gas, fo e t id  odour, 
d id  n o t  c o a g u la te  m ilk  and which d id  n o t  l i q u e f y  g e l a t i n .  T h is  g roup  
i n c l u d e d  S t r e p t o c p c c i j s  f o e t i d u s  ( V e i l I o n ,  1893), S t r .  p u t r i d u s 
( S c h o t t m u e l l e r ,  1Q10), S t r .  l a n c e o l a t u s  [ T i s s i e r ,  1926 (a s  q u o te d  by 
Sandusky e t  a l . ,  1942)] and P s t .  a n a e ro b iu s  (K ronig , 1895) . The 
s p e c i e s  w i t h i n  t h i s  g roup  were s e p a r a te d  a c c o rd in g  to  th e  morphology 
( c e l l  s ize s )  and th e  c u l tu r a l  p ro p e r t ie s  a s  summarized in  Table 1.1
Group B c o n ta in e d  th o s e  p ro d u c in g  n e i t h e r  gas  nor odour. I n t o  
t h i s  c a te g o ry  f e l l  S t r .  m ic ro s  (Lewkowicz, 1901), S t r .  e v o lu tu s  (G ra f ,  
and W it tn e b e n ,  1907) and S t r .  i n t e rrnedi u s  (Pre"vot, 1925). The 
d i f f e r e n t i a l  c h a rac te rs  of these  s t r a in s  i s  shown in  Table 1.1 .S in ce  
Prevot’s f i r s t  a t te m p t to  produce a r a t io n a l  c l a s s i f i c a t i o n  scheme, many 
s o - c a l l e d  s p e c i e s  and a l t e r n a t i v e  schem es have been p ro p o sed , and 
considerab le  confusion has re su l te d .
C olebrook  and Hare (1933) d iv id e d  s i x t y  s t r a i n s  o f  AG+C i s o l a t e d  
from b lood  c u l t u r e  and from c a s e s  o f  p u e r p e r a l  s e p s i s  i n t o  f o u r  ty p e s  
a c c o rd in g  t o  t h e i r  c o l o n i a l  ap p ea ran ce  and t h e i r  morphology. However 
such c l a s s i f i c a t i o n  i s  u n sa t i s fa c to ry  because of the  emphasis on th e se  
somewhat s u b jec t iv e  c r i t e r i a  as  a means of d i f f e r e n t i a t io n .
The m ost e x t e n s iv e  work to  c l a s s i f y  AG+C p re d a te d  th e  scheme o f  
F o u b e r t  and D ouglas (1948) and was c a r r i e d  o u t  by P re v o t  (1925, 1933)
6
whose scheme was adopted a lm ost w ithout a l t e r a t i o n  by Bergey (1948) to  
co m p rise  s ix  g e n e ra :  S t r e p t o coc c u s ,  S ta p h y lo c o c c u s ,  D ip lp c o cc u s ,  
Ga.ffkya, Sare ina , and Micrococcus. The taxonomy was based ex c lu s iv e ly  
on the  m icroscopic appearance although b a c te r ia  w ith  such morphology may 
have in c lu d e d  a number o f  m e ta b o l ic  ty p e s .  Three y e a r s  l a t e r  K luyver 
and van N ie l  (1936) p roposed  t h a t  th e  AG+C be e x ten d e d  t o  i n c lu d e  th e  
g e n e r i c  names P ep to co ccu s  and P e p tp s t r e p to c o c c u s .  The s p e c i e s  o f  
Peptococcus do ne t re g u la r ly  form chains but those o f  Pep tos trep tococcus 
do. Both g e n e ra  a r e  c h e m o h e te ro t ro p h ic  b u t  th e  fo rm er  i s  c a p a b le  of 
ferm enting p ro te in  decomposition products, whereas the  l a t t e r  fe rm en ts  
n itrogen  s u b s t r a te s  and carbohydrates.
Twenty-six sp ec ie s  of AG+C were i s o la te d  from v a rio u s  in f e c t io n s  by 
Stone (1940). Using biochem ical and immunological p ro p e r t ie s  he could 
n o t  s e p a r a t e  them , b u t  concluded  t h a t  c e r t a i n  a n t i g e n s  a r e  commonly 
presen t and such study may a id  in  c la s s i fy in g  these  organisms. On the  
o th e r  hand in  th e  same y e a r  P re v o t  (1940), d e m o n s t ra te d  t h a t  th e  
in te rm ed ia te  m e ta b o l i te s  from the fe rm en ta tio n  of glucose by AG+C were 
u s e f u l  in  t h e i r  d i s c r i m i n a t i o n .  He used th e  p a t t e r n s  o f  o r g a n ic  a c id  
p ro d u c t io n  to  c a t e g o r i z e  AG+C i n t o  g e n e ra :  P e p tococcu s  in  w hich  th e  
m a jo r  p r o d u c t s  w e re  s i m p l e  a c i d s ,  m a in ly  a c e t i c  a c i d ;  and 
P ep tos trep tococcus in  which the  major products  were complex ac id s .  Such 
a n a l y s e s  a r e  b e co m in g  an  i n c r e a s i n g l y  e s s e n t i a l  p a r t  o f  t h e  
id e n t i f i c a t i o n  of anaerobic  b a c te r ia  concerning AG+C.
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T able  1.2 Key to  th e  s p e c i e s  o f  a n a e ro b ic  G r a m - p o s i t iv e  m ic ro c o c c i  a f t e r  
Foubert and Douglas (1948).
A. Produce v i s i b l e  gas from peptone
a) Colonies in  deeps pigmented black by 6 days n i s e r
b) Colonies not so pigmented
1. Liquefy g e la t in  M. a c t iv u s
2. Do not l iq u e fy  g e la t in
( i )  Indole  produced; KhO^  reduced;
gas production s l i g h t  to  abundant M. a s a c c h a ro lv t ic u s .
(M. aerogenes)
( i i )  Indole not produced, KNO3 not reduced;
1
gas production s l i g h t  N. p re v o t t i
B. Do not produce v i s i b l e  gas from peptone
a. Ferment glucose
1. Ferment la c to se
2. Do not ferment la c to se
M. g r ig / -o f f i  
k'
M. sac c h a ro lv t icu s
b. Done or only a s l i g h t  fe rm enta tion  o f  glucose
1. Do not l iq u e fy  g e la t in ;  c e l l  s iz e  uniform M. anaerobius
2. Liquefy g e la t in ;  c e l l  s iz e  v a r ia b le  H. v a r i a b i l i s
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In  1948 Foubert and Douglas developed a d e te rm in a tiv e  key fo r AG+C 
id e n t i f i c a t io n  p r im ari ly  on c o l o n i a l  and b io c h e m ic a l  c h a r a c t e r i s t i c s  
such a s  p r o d u c t io n  o f  g a s  from p ep to n e ,  f e r m e n ta t io n  o f  g lu c o se  and 
l a c t a t e ,  l iq u e fa c t io n  of g e la t in ,  indo le  production and KMO3 reduction  
t o  NO2 . These w o rk e rs  d iv id e d  f i f t y  two s t r a i n s  i n t o  two main g roups  
and a number of subgroups a s  shown in  Table (1.2). This key formed the 
major p a r t  of the  taxonomy of the  genus Peptococcus in Bergey's Manual 
(1957), b u t  e x c lu d ed  th e  genera  p roposed  by Pre*vot (1933) w h ich  w ere 
d e a l t  w ith  in  another p a r t  of the  manual.
Evidence accumulated s ince  Foubert, and Douglas (1948) suggested 
t h a t  c e r t a i n  a n a e ro b ic  c o c c i  u t i l i z e d  l a c t a t e ,  which l e d  Hare and h i s  
c o l la b o ra to rs  (1952); Vlildy and Hare (1953) and Thomas, and Hare (1954) 
to  improve the  growth of AG+C (by ad d i t io n  o f  f a t ty  ac id s  to  th e  media) 
in  o r d e r  t o  p e r m i t  them to  d ev e lo p  th e  g ro u p in g  sum m arized  in  T ab le  
(1 .3 ) .  They found t h a t  th e  morphology and b io c h e m ic a l  b e h a v io u r  o f  
AG+C i s  m arked ly  enhanced by th e  p re s e n c e  o f  c e r t a i n  f a t t y  a c i d s  and 
sulphur compounds. For example sodium th io g ly c o l la te  in  a co n cen tra t io n  
o f  0. 1$ (w/v) i s  e s s e n t i a l  fo r  the production of gas from carbohydrates  
by group  I  (P s t .  p u t r i d u s ) .  The a d d i t i o n  o f  sodium o l e a t e  in  a 
c o ncen tra tion  o f 0.01$ (w/v) in  the  medium improves the  fe rm en ta t io n  of 
s u g a r s  by th e  s t r a i n s  o f  g ro u p s  I I I  and IV. Hence Tween 80 (an  o l e i c  
ac id  e s te r )  i s  added ro u t in e ly  to  the  medium fo r  the  i d e n t i f i c a t i o n  of
AG+C Holdeman, Cato and Moore (1977).
Hare, e t  a j,., (1952) p u t  fo rw a rd  t h e  o r i g i n a l  scheme to  c l a s s i f y  
th e  AG+C i n t o  6 g ro u p s  ( I -V I)  a c c o rd in g  t o  th e  f e r m e n t a t i o n  o f
c a r b o h y d r a t e s  and o rg a n ic  a c i d s ,  u s in g  a b a s a l  medium c o n ta i n in g  2% 
(w/v) peptone, and 0.2$ (w/v) y e a s t  e x t r a c t ,  and supplem ented ' w ith  0.01$ 
( v / v )  s o d iu m  o l e a t e ,  0 . 1$ (w /v )  so d iu m  ( m e r c a p t o  a c e t a t e )
t h i o g l y c o l l a t e ,  and 1$ (w /v) o f  th e  s u b s t r a t e  t o  be t e s t e d .  In  a 
su b se q u e n t  p ap er  Thomas, and Hare, (1954) added th e  r e m a in in g  t h r e e  
groups of Hare (VIII-IX).
A ll  s t r a i n s  o f  th e  n in e  g roups  a r e  G ra m -p o s i t iv e  ( e x c e p t  g roup  V 
which i s  C-ram-negative) cocci, arranging  e i t h e r  in  c l u s t e r s  or in  chains  
( w i th  th e  e x c e p t io n  o f  group VI and V I I ,  showing no p a r t i c u l a r  
arrangement) under the  microscope. On the b a s is  of the  fe rm en ta t io n  of
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carbohydra tes  and organic  a c id s  group I  i s  ch arac te r ized  by i t s  a b i l i t y  
t o  f e r m e n t  g l u c o s e ,  f r u c t o s e  and m a l t o s e .  Group I I I  and VI f e r m e n te d  
a l l  c a r b o h y d r a t e s  t e s t e d ,  t h e  fo r m er  g roup  d i f f e r s  from t h e  l a t t e r  in  
the  fe rm en ta t ion  of pyruvate. Group IV i s  re ad i ly  separa ted  from other  
groups,  s ince f ru c to se  i s  the  only sugar u t i l i z e d .  Both groups, I I  and 
IX do n o t  f e r m e n t  c a r b o h y d r a t e s ,  b u t  t h e  fo r m e r  i s  d i f f e r e n t  from th e  
l a t t e r  in  t h e  f e r m e n t a t i o n  o f  p y ru v a te  (group I I  p roduce  g a s  from 
p y ru v a te ) .  The r e m a in in g  g roups  V I I  and V I I I  a r e  s e p a r a t e d  from t h e  
o t h e r s  on t h e  b a s i s  o f  t h e  f e r m e n t a t i o n  o f  g lu c o s e  and f r u c t o s e  on ly ,  
and th e  on ly  d i f f e r e n c e  be tween  t h e s e  two g roups  i s  th e  p r o d u c t i o n  o f  
gas  from c a r b o h y d r a t e s  (g lu c o s e  and f r u c t o s e )  and p y r u v a t e  by group 
V I I I .
The c l a s s i f i c a t i o n  suggested by Thomas and Hare (1954), has not 
been w id e ly  used  p robab ly  because  i t  i s  dep en d en t ,  in  p a r t ,  on t h e  use 
o f  m ed ia  t h a t  w e r e  n o t  r o u t i n e l y  p r e p a r e d  i n  m o s t  c l i n i c a l  
l a b o r a t o r i e s .  Also,  i t  does  n o t  i n c l u d e  c e r t a i n  AG+C such  a s  Pc. 
a s a c ch a ro lv t i c u s , s ince none of Hare’s groups produce indole  (Smith and 
Holdeman, 1968).
In 1957 P r e v o t  a r r a n g e d  AG+C i n  t h e  f a m i l y  H ic r o c o c c a c e a e i n t o  3 
t r i b e s  and 7 genera.
Family Hicrococcaceae . Gram p o s i t iv e  cocci
Tribe I  S treptococceae. Cocci in  p a i r s  or in  shor t  chains.
Genus I  S t reptococcus. Cocci in p a i r s  or sho r t  chains.
Genus I I  Diplococcus. Cocci in p a i r s ,  r a r e ly  in  sho r t  chains.
Genus I I I .  Rupiinococcus. Cocci in c h a in s ,
Tr ibe I I  Staphvlococcgfeeae. Gram p o s i t i v e  in  f l a t  c l u s t e r s .
Genus I  Gaffkva. Cocci in t e t r a d s .
Genus I I  Staphylococcus Cocci in  f l a t  i r r e g u l a r  c l u s t e r s .
Tribe I I I  Micrococceae. Cocci regu la r  or i r r e g u l a r  c l u s t e r s .
Genus I  Sarcina Cocci in cubica l  packets o f  8.
Genus I I  Hicrococcus Cocci in i r r e g u l a r  c lu s t e r s .
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T a b l e  1 . 3  F e r m e n t a t i o n  C h a r a c t e r i s t i c s  o f  A n a e r o b i c  G r a m - p o s i t i v e  c o c c i : *
Group Morphology Fermentation of Fermentaion of  Carbohydrate Organic acid
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(Str. putridus) Gram-positive chains,
Cocci smal1 AG AG AG — G —
II Gram-positive, clusters - - - - G G -
111 Gram-positive, clusters,
1arge cocc i AG AG AG AG G — —
IV Gram-positive clusters - A - - G+ - -
V Gram-positive clusters - - - - G - -
(Vei1lonellae?)
VI Gram=positive chains
and clusters A A A A — —
VII A A - - - - ■ -
VIII Gram-positive cluster AG AG - - - - -
IX u — — — — - ~
A = acid; G = gas; + = moderate amount 
* from Thomasand Hare (1954)
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In th e  7 th  ed. of  Sergey’s manual (1957) Douglas and Smith, adopted 
most of Prevot’s c l a s s i f i c a t i o n .  Subsequent au thors ,  however, arranged 
P r e v o t 1 s s p e c i e s  i n t o  2 f a m i l i e s  c o n s i s t i n g  o f  25 s p e c i e s  and 6 
v a r i a n t s .  Tab le  ( 1 . 4 ) .  T h i s  c l a s s i f i c a t i o n  i s  d e p e n d e n t  upon 
morphological and biochemical c r i t e r i a  and only the  spec ie s  whose c e l l s  
d i v i d e  p r i m a r i l y  i n t o  two or t h r e e  p l a n e s  were  a l l i e d  t o  t h e  f a m i l y  
Hicrococcaceae, whereas those which d ivide  so le ly  i n to  s in g le  p lanes  and 
produce l a c t i c  ac id  as  a main end product from carbohydrates  were a l l i e d  
t o  t h e  f a m i l y  L a c t p b a c i l i a c e a e .  T h e r e f o r e  t h e  genus P ep to c o cc u s  
( s t r a i n s  o c c u r r i n g  in  s i n g l e s ,  p a i r s ,  t e t r a d s  and c l u s t e r s )  and th e  
genus Sarc ina (packet formers) were included in th e  former family .  The 
genus Pep to s t r e p t o coccus ( shor t  or long chains formed and produce l a c t i c  
a c i d  in  l a r g e  q u a n t i t i e s  from g lu c o s e )  was in c lu d e d  in  t h e  l a t t e r  
f a m i l y .  However s p e c i e s  o f  AG+C in  g e n e r a l  were  p h e n e t i c a l l y  ve ry  
heterogeneous. Within the  genera Peptococcus and Pep tos t rep tococcus. no 
c l e a r  taxonom ic  s u b d i v i s i o n s  a r e  e v i d e n t .  Indeed  Douglas (1957) and 
Sm i th  (1957) a d m i t t e d  t h a t  t h e s e  g e n e ra  a r e  in  need o f  co m p le te  
re v i s io n ,  and probably most named spec ies  w i l l  u l t im a te ly  be reduced to  
synonymy.
As e a r l y  as  1964 W i l l i s  d i s c u s s e d  t h e  taxonomy of  AG+C and n o ted  
t h a t  th e re  i s  a considerable  doubt about the  suggested c l a s s i f i c a t i o n  of 
t h e s e  o r g a n i s m s  i n  B e r g e y ’ s Manual ( 1 9 5 7 ) .  He s u g g e s t e d  t h a t  
S t rep to coccus pu t r id u s  (Pep t o s t r e p t o c o c c u s  p u t r i d u s )  i s  t h e  on ly  w e l l  
documented and accep tab le  spec ies.
On t h i s  p o i n t  o f  view Smith  and Holdeman (1968) a r e  i n  a g re e m e n t  
w i t h  W i l l i s  (1964).  The f o r m e r  a u t h o r s  c o l l e c t e d  ove r  one hundred  
s t r i c t l y  AG+C from normal f l o r a  of  t h e  i n t e s t i n a l  t r a c t .  They were  
unable to  id e n t i f y  with  c e r t a in ty  most of t h e i r  i s o l a t e s  according to  
t h e  a v a i l a b l e  s y s te m s  o f  c l a s s i f i c a t i o n ,  i n c l u d i n g  t h o s e  g i v e n  in  
Bergey’s Manual ( 7 t h  ed . ) ,  Thomas and Hare (1954) o r  P r e v o t  (1966).  Of 
t h e  i d e n t i f i e d  s p e c i e s  (42%) a b o u t  7 s t r a i n s  w e r e  s i m i l a r  t o  
P e p t o s t r e p t o c o c c u s  f o e t i d u s  and 35 c u l t u r e s  w e r e  s i m i l a r  t o  
Peptos t r ep tococcus productus.  They observed t h a t  Ps t .  productu s  sp ec ie s  
o c c u r r e d  in  s h o r t  o r  long  c h a in s ,  u t i l i z e d  g l u c o s e ,  b u t  v a r i e d  i n  th e  
production of  organic ac ids  from the fe rm en ta t ion  of  glucose.  Smith and 
Holdeman (1968) s t a t e d  in  g e n e r a l  t h a t  th e  s t r a i n s  w i t h i n  t h e  g ro u p s ,  
g e l a t i n  l iq u e fa c a t io n ,  gas production from glucose ,  and production  o f  an
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Table 1.4 The Classification of the Anaerobic Grsrn-positive Cocci*
Gram p o s i t i v e  Cocci, s in g le  p a i r s ,  t e t r a d s ,  
packets,  i r r e g u l a r  c l u s t e r s  chains.
Cocci in packets .
Sarcina v e n t r i c u l i .
Cel ls  not in packets
1. Pc. n ige r
2.  Pc. ac t ivus
3.  Pc. a saccha ro lv t icus  a Pc. aerogenes 
Pc. p re v o t t i
1• Pc. e r i a o r o f f i
2.  Pc. c o n s t e l l a tu s  L Pc. s acch a ro lv t icu s  
Cell s i z e  v a r i a b l e
1. Pc. g lvc inophi lus  & Pc. v a r i a b i l i s
2.  Pc. anaerobins
Gram-posit ive rods and cocc i .
Tribe I  S treptococceae Single  cocci,  p a i r s  and chains ,  r a r e ly  t e t r a d s .
Genus I  P e p t o s t r e p t o c o c c u s  G r a m - p o s i t i v e  c o c c i  in  p a i r s  and
chains .
Group A) 1. P s t .  anaerob ius . 2.  P s t .  f o e t i a u s .
3.  Ps t .  p u t r i d u s . 4.  P s t .  productus 
5.  Ps t .  l a n c e o la tu s . 6.  P s t .  m ic ros .
7.  Ps t .  parvu lus , 8.  P s t .  in te rm ed ius .
9. Ps t .  evo lu tu s .
Group B) 1. Ps t .  magnus 2.  S t .  paleopneumoniae.
3. P s t .  p l a sa ru m b e l l i .
4. P s t .  morbillorurn
* Foubert  and Smith (1957) In Bergey’s Manual (7 th  ed.)
Family I  Hicrococcaceae.
1. Genus I  S a rc ina .
2. Genus I I  Peptococcus. 
Group A)
Group B)
Group C)
Family I I  L ac tobac i l laceae .
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ac id  c l c t  in  milk, were v a r iab le .
So f a r  the  taxonomic s t a t u s  o f  AG+C had remained un ce r ta in  both a t  
the  family and gener ic  l e v e l  a s  we l l  a s  a t  the  spec ies  l e v e l  a s  w i l l  be 
d iscussed  below.
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2. The Fami l y  Peptococcaceae
Members of  the  Peptococcaceae a re  Gram-posi t ive ,  anaerobic  cocci,  non- 
m ot i le ,  n o n - f l a g e l l a t e d ,  non-sporeforming, chemoorganotrophic b a c t e r i a .  
Rogosa (1971 a) c r e a t e d  t h i s  new f a m i ly  P e p to c o cc a ce a e ,  in  t h e  o r d e r  
E u b a c t e r a l e s ,  t o  i n c l u d e  th e  g e n e ra  P ep to c o cc u s ,  P e p t p s t p e p t p c o c c u s  
[both genera were formerly  a l l i e d  to  the  family  Hicrococcaceae; Kluyver 
and V an-M ie l  (1936) and Douglas  and Sm ith  (1957)1 and f t o i p p c p c c u p  
S i j p e s t e i n  (1948). The genus Sarc ina  (Goodsir, 1842) was t r a n s f e r r e d  by 
Rogosa (1971 c) from th e  f a m i l y  H ic ro c o c c a c e a e  (P r ib ra m ,  1929) t o  t h e  
f a m i l y  P ep to c o cc a ce a e  because  t h e  s p e c i e s  S a r c i n a  v e n t r i c u l i  form 
cubica l  packets,  ferment glucose wi th  production of  CO2, H2 and c e r t a i n  
lower f a t t y  ac ids  such as  a c e t i c  ac id ,  and a re  ab le  to  grow in extremely 
a c i d  (pH1) and a l k a l i n e  (pH 9.8) c o n d i t i o n s .  L a t e r  Rogosa (1971 d) 
moved the  spec ies  Pept o s t r e p t ococcus e l s d e n i i  (Guiterrez ,  1959) t o  the  
new genus Megasphaera (M* e l sd n i i )  in  the  family  V e i l lo n e l l a c e ae  s ince  
the  s in g le  spec ies  of t h i s  genus were non -p ro teo ly t ic  and Gram-negative 
c o c c i  (by d i r e c t ' s t a i n i n g  t e c h n i q u e s ;  e l e c t r o n  m ic ro s co p y ) ,  w h i l e  
Holdeman and Moore (1972) added a new genus  Cpprpcoccus t o  t h e  f a m i l y  
P e p to c o cc a ce a e .  Cpprpcoccus was i s o l a t e d  from human f a e c e s  and was 
ch a rac te r i s ed  by production of  b u ty r i c  ac id  from glucose and l a c t i c  ac id  
i s  n o t  t h e  m ajo r  p ro d u c t  from g lu c o s e  f e r m e n t a t i o n .  The c e l l s  do n o t  
form p a c k e t s  and t h e  G-j-C c o n t e n t  o f  DMA i s  39 t o  42 mol% t h e  [G+C 
content of  DMA of the family Peptococcaceae ranges from 28.6-45.4 molest  
(Rogosa 1974a)].
In Bergey’s Manual (8th ed i t io n ) ,  Rogosa (1974a) l i s t e d  four genera 
in  the  family  : Pept o s t rept ococcus (5 spec ies) ,  Ruminococcus (2 spec ies)  
and § p r c i n a  (one s p e c i e s ) .  Thus Rogosa (1974a)brought  t o g e t h e r  now a 
number of spec ies  of AG+C from separa te  f a m i l i e s  to  c rea te  one family ,  
t h e  P ep tococcaceae  (Table 1.6).
Another  genus which i s  now in c lu d e d  in  t h e  f a m i l y  i s  t h e  genus  
Gaffkya which a t  present  conta ins  the s ing le  spec ie s  Gafffcva ana e ro b ia 
(Holdeman, Cato and Moore, 1977).
In Bergey’s Manual (8th ed i t ion )  members of  t h i s  family  a re  defined 
a s  f o l l o w s  "Cocci v a r y in g  in  d i a m e t e r  (0.5-2.51-iH) o c cu r  s i n g l y ,  in
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Table 1.6 Summary of the  genera and spec ies  of Peptococaceae recognised 
by d i f f e r e n t  a u t h o r i t i e s  a t  d i f f e r e n t  times
Rogosa (1974) in  Bergey’s Manual of Determinativ/e Bacterio logy (8ed)
Peptococcus 
Pc. n iqer
Pc. a saccha ro ly t icus
Pc. aeroqenes
Pc. a c t iv u s
Pc. c o n s t e l l a tu s
Pc. anaerobius  (Pst  maqnus)
Ruminococcus
R. flav/efaciens 
R. albus
Peptos treptococcus
P s t .  anaerobius
( P s t . f o e t id u s ,  Ps t  p u t r idus )
P s t .  productus
P s t . l an ceo la tu s
P s t . micros
P s t . parvulus
Sarc ina
S. v e n t r i c u l i
Dowell and Hawkins (1977)
Peptococcus sp.  CDC group 2 
Peptos treptococcus  sp.  CDC group 1 
Peptostreptococcus sp.  CDC group 2 
Peptostreptococcus sp. CDC group 3
Prevot and F rede t te  (1966)
Diplococcus Staphylococcus Streptococcus
D. maqnus 
D_. morbillorum 
D_. c o n s t e l l a tu s  
D_. q lyc inophilus  
JD. t ro p icu s  
D. paleopneumonie 
D. p laqarum-bell i
S t .  anaerobius 
St.  a sach a ro ly t icu s  
St.  aeroqenes 
St.  a c t iv u s
Gaffkya 
G. anaerobia
S t r e p .
S t r e p .
S t r e p .
S t r e p .
S t r e p .
S t r e p .
S t r e p .
S t r e p .
Strep .
anaerobius
p u t r id u s
fo e t id u s
la n ce o la tu s
productus
micros
parvulus
in te rmedius
evolu tus
Micrococcus Sarcina
M. q r i q o r a f f i  
M. v a r i a b i l i s  
M. saccharo ly t icus  
M. n iqer  
M. p r e v o t i i  
M. l a c t i l y t i c u s
S. v e n t r i c u l i  
5. maxima 
S. methanica 
S. ba rke r i
Ruminococcus
R. f l a v e f a c i e n s
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Continued(Table 1.6)
Holdeman, Catoand Moore (1977) VPI Laboratory Manual
Peptococcus
Pc. a saccha ro ly t icus
Pc. indo l icus
Pc. maqnus _
i P c . v a r i a b i l i s
Pc . n iqer
Pc. p r e v o t i i
Pc. s accharo ly t icus
Peptostreptococcus
P s t .  anaerobius  
P s t . micros
P s t . parvulus  
P s t . productus
Streptococcus
S t r e p , c o n s t e l l a tu s  
S t r e p . :intermedius  
S trep ,  morbillorum
Gaffkya
G. anaerobia
Sarc ina
S. v e n t r i c u l i
Ruminococcus
R. a lbus  
R. bromii 
R. f l a v e fa c ie n s
UJells and F ie ld  (1976)
Group I
Peptos treptococcus  anaerobius
Group I I
Streptococcus c o n s t e l l a tu s  
Streptococcus in termedius  
Streptococcus morbillorum 
Peptostreptococcus micros 
Peptostreptococcus parvulus
Group I I I
Peptococcus a saccha ro ly t icus  
Peptococcus maqnus 
Peptococcus p r e v o t i i  
Peptococcus v a r i a b i l i s  
Peptostreptococcus productus
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p a i r s ,  t e t r a d s  and i r r e g u l a r  masses, occas ional ly  in th re e  dimensional,  
cubic packets11. C-ram-posit ive,  b u t  may s t a i n  e q u i v o c a l l y .  A naerob ic  
C h e m o o r g a n o t r o p h i c  w i t h  com plex  n u t r i t i o n a l  r e q u i r e m e n t s .  Gas
c o n s i s t i n g  p r i n c i p a l l y  o f  CO2 ana  u s u a l l y  Up i s  produced in  c u l t u r e s  
from amino ac id s  or carbohydra tes  or both; H2S may a lso  be d e tec tab le .  
Carbohydrates may or may not be fermented. In complex media the  major 
non-gaseous products a re  lower f a t t y  acids ,  in some cases  succ ina te  or 
e t h a n o l  may a l s o  be m a jo r  p r o d u c t s .  L a c t a t e  i s  produced b u t  i s  
g e n e r a l l y  no t  a m a jo r  p ro d u c t  and i s  a lw a y s  a s s o c i a t e d  w i t h  a 
considerab le  h e te ro fe rm en ta t io n " .
T h i s  d e f i n i t i o n  i s  p r a g m a t i c  b ecause  i t  i s  f l e x i b l e  enough t o  
permit  a l l  AG+C to  be included in a s ing le  family .  Never theless  o ther  
taxonomis ts  t r e a t e d  AG+C d i f f e r e n t l y .
2.1 C l a s s i f i c a t i o n  based on morphology and biochemical behav io ur
P r e v o t  (1967) c l a s s i f i e d  AG+C i n t o  seven  genera  i n  t h e  f a m i l y  
Hicrococcaceae (Table 1.6):- D ip lpcqccus*  Staphylococcus^.  H ic r o c o c c u s ,  
Gaffkya* S t r e p t o c o c c u s *  Sarcina*. and Ruminococcus.  In  f a c t  Rogosa 
(1974) combined the  f i r s t  th ree  genera in to  a s ing le  genus Peptococcus 
and suggested the  inc lu s ion  of  AG+C which produce l a c t i c  ac id  a s  a major 
p r o d u c t  f r o m  t h e  f e r m e n t a t i o n  o f  c a r b o h y d r a t e s  i n  t h e  g e n u s  
S t rep tococcus .
O t h e r  s i t u a t i o n s  r e f l e c t  t h e  c o n f u s i o n  i n  t h e  c u r r e n t ,  
c l a s s i f i c a t i o n  of these  organisms. Dowell and Hawkins (1977) descr ibed  
t h r e e  g e n e r a  ( T a b l e  1 . 6 , 1 . 7 ) : -  S a r c i n a * .  P e p t p c o c c u s  a n d  
Peptos treptococcus. They s e p a r a t e d  t h e  two l a t t e r  genera  by c a t a l a s e  
production,  peptococci as being c a t a l a se  p o s i t iv e  and pep to s t rep to co cc i  
a s  be ing  c a t a l a s e  n e g a t i v e .  O th e r  i n v e s t i g a t o r s ;  Rogosa (1974b) ,  
Holdeman and Moore (1974) and Holdeman e t  a l . ,  (1977) however ,  s t a t e d  
t h a t  peptococci vary in  the production of ca ta la se .
2.2 C l a s s i f i c a t i o n  based on morphology* b i o c h e m i c a l  t e s t s  and t h e  
a n a l y s i s  o f  t h e  end p r o d u c t s  f ro m  C a r b o h y d r a t e s  by g a s - l i q u i d  
chromatography.
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Recent work by t h e  group a t  t h e  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  -  
VPI -  (Holdeman, Cato and Moore, 1977) put forward a system to  c l a s s i f y  
the  anaerobic  b a c t e r i a  (Tablel.8). They div ided AG+C in  the  same way as 
Rogosa (197^) -  Gaffkya, Peptococ.cus, Pep tos t r e p t ococcus, Ruminococcus,  
Sa rc ina ,  and Streptococcus.  The spec ies  M.efsdgnii which was considered 
to  be a Gram-negative anaerobic  coccus by Rogosa (1971c) was sub jec ted  
t o  b o th  AG+C and AG-C i d e n t i f i c a t i o n  schemes t o  a v o id  m i s r e a d i n g  o f  
Gram-stain (Table 1.8).
2.3. C l a s s i f i c a t i o n  according t o  the  a n a ly s i s  of  long-ch a in f a t t y  ac id s  
o£ t h e c e l l  wall .
Wells and F ie ld  (1976) s tud ied  the  long-chain  f a t t y  ac id s  (LCFA's) 
of the  c e l l  w a l l s  of peptococci and pep tos t rep tococc i .  They recognised 
four  groups as  shown in (Table 1.6).
Grpup 1 i s  c h a r a c t e r i s e d  by t h e  f o l l o w i n g  i )  y i e l d s  a p r o m i n e n t  
u n i d e n t i f i e d  p e ak  o f  LCFA l o c a t e d  b e t w e e n  Cg an d  C-jq on t h e  
chromatogram; i i )  produces a t o t a l  of 14-25 d i f f e r e n t  peaks of  LCFA’s, 
and i i i )  the  f a t t y  ac id s  C-j4 , C-jg, C-jg.j and C-|g are  usually  p resen t .
Group I I  has  C16 o r  C-jg.j a s  t h e  most p ro m in en t  LCFA,s and p ro d u c e s  
t r a c e s  o f  C-j4 , C 5 :i  and C-jg.
Gfpup I I I  i s  s im i l a r  to  groups I I ;  but d i f f e r s  in  the  presence of th re e  
to  s ix  a d d i t io n a l  u n id e n t i f i e d  peaks o f  LCFA, which occurred between C ^  
and Cj_g.-j_, between C-jg and C-j3.^ and between C-jg and Cpg
Group IV i s  s im i l a r  to  groups I I  and I I I  in  the  presence of the  peaks o f  
C16, C]_8:l C18 a s  m a jo r  components,  b u t  t h e  main f e a t u r e  o f  t h i s
g roup  i s  t h e  absence  o f  th e  LCFA C^g.y and th e  p re sen c e  o f  s i g n i f i c a n t  
amounts o f  C2Q and u n id e n t i f i e d  compounds w i th  r e t e n t io n  t im es  between 
C-j4 and C]_g.
These f ind ings  were confirmed l a t e r  by Lambert and Armfield (1979) 
who s u g g e s t e d  t h a t  a combined a n a l y s i s  of  t h e  fatty a c i d s  o f  t h e  c e l l  
wa l l  and the  end-products in  the  media by GLC may a id  in  th e  sep a ra t io n  
of  th e  AG+C.
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2.4 C la s s i f i c a t io n  using Enzymatic Assays.
Po rsch en  and Sonntag (1974) o b se rv ed  t h a t  c e r t a i n  AG+C, namely 
£s£*. a p ae p o b iu s  produced  r i b o n u c l e a s e  and conc luded  t h a t  such s tudy  
might be usefu l  in  the  taxonomy of  AG+C as  wel l  a s  in  the  assessment of  
t h e i r  v i r u l e n c e .  S u b se q u en t ly  M a r sh a l l  e t  a!*, (1981) in v e s t ig a te d  th e  
production of e x t r a c e l l u l a r  enzymes (D e o x y r ib o n u c le a se ,  R ib o n u c le s e ,  
Coagulase  and H aem olys in s )  by t h e s e  o rg a n ism s .  U n f o r t u n a t e l y  t h e i r  
r e s u l t s  were not in  agreement w i th  those of the  former workers.
2.5 C la s s i f i c a t i o n using Fluorescen t  Antibody Technique.
Porschen  and S pau ld ing  (1974) used  f l u o r e s c e n t  m ic roscopy  t o  
s u b d iv id e  AG+C. They conc luded  t h a t  t h e r e  was no e v id e n c e  o f  a common 
genus  a n t i g e n  among t h e s e  o rg a n i s m s .  N e v e r t h e l e s s  they  found t h a t  
po lyvalen t  antiserum fo r  the  s p e c i f i c  i d e n t i f i c a t i o n  of c e r t a i n  spec ie s  
may be use fu l  in  the  c l i n i c a l  l abo ra to ry ,  a s  w i l l  be d iscussed  l a t e r .
In co n s i s ten c ie s  of nomenclature, an example of which i s  given in  
T a b le s  1.6,1.9and 1.10, added t o  th e  c o n f u s io n .  To avo id  t h i s  l a c k  of  
c l a r i t y ,  t h e  taxonomic  manoeuvers ,  which have o c c u r r e d  and been 
s u b m i t t e d  f o r  d i s c u s s i o n ,  w i l l  be r e v ie w ed  m a in ly  a c c o r d i n g  t o  th e  
c l a s s i f i c a t i o n  of  the  VPI Anaerobic Manual by Holdeman, Cato and Moore
(1977) ana w i th  r e sp ec t  to  Rogosa (1974a-d).
2.6 D i f f e r e n t i a t i o n  o f  the  genepa o f  t^ e  Family Pepto coccaceae
The g e n e r a l  d i f f e r e n t i a t i n g  c h a r a c t e r i s t i c s  of  th e  g e n e ra  o f  
Peptococcaceae,  Rogosa (1974a) and Holdeman and Moore (1974) a r e  shown 
in  Tab le  1.5.,
2.6.1 The genera Peptococcus and Peptost r e p t o c occus:-
I t  c a n  be s e e n  t h a t  t h e  t w o  g e n e r a  P g p t p c p p c u s  a n d  
Peptos t rep tococcus  a re  r e a d i ly  separa ted from the  o ther  genera,  because 
they a re  ab le  to  ferment p ro te in  decomposition products and be judged by 
the  a n a ly s i s  of  the  DNA-base composition.  Nevertheless  the  d i f f e r e n t i a l  
taxonomy of t h e s e  two g e n e r a  i s  s t i l l  ve ry  c o n fu sed  Rogosa (1 9 7 4 a -c ) .
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Most of  the  members o f  the  genera Peptococcus and Pepto s t rep tococcus  a re  
impor tant  i s o l a t e s  from human c l i n i c a l  specimens.
P e p t o s t r e p t o c o c c i  a r e  d i f f e r e n t i a t e d  from p e p to c o c c i  m a in ly  by 
t h e i r  morphological  appearance which may be d i f f i c u l t  to  determine; even 
though t h e  fo r m e r  a r e  d e s c r i b e d  a s  s p h e r i c a l  b a c t e r i a  and a r e  a b l e  to  
form d e f i n i t e  chains,  the  l a t t e r  conta in  spec ie s  described as  sp h e r ica l  
o r  ovoid  o rg a n i s m s  which occur  in  s h o r t  c h a i n s  and c l u s t e r s .  On t h e  
o the r  hand both genera are  known to  form pa irs .
Whether  p e p to c o c c i  use  p r o t e i n  d e c o m p o s i t i o n  p r o d u c t s  a s  a s o l e  
e n e r g y  s o u r c e  and  w h e t h e r  p e p t o s t r e p t o c o c c i  d e p e n d  m a i n l y  on 
carbohydrates fo r  energy (Rogosa 1974) was s t i l l  not c lea r .
Wren e t  a l . ,  (1 977) s e p a r a t e d  s t r a i n s  o f  P e p t o c o c c u s  an d  
Pe p t o s t r e ptococcus on the  b a s i s  of  t h e i r  s e n s i t i v i t y  to  novobiocin.  All 
s t r a i n s  o f  f e p t p c p p p p s  were  c l a im e d  t o  have  a MIC t o  n o v o b io c in  o f  a t  
l e a s t  25 mg/1,  and t h e r e f o r e  no zone of  i n h i b i t i o n  was seen  a round  
novobiocin d iscs .  All s t r a i n s  of  .Peptostreptococcus had MIC’s ranging 
be tw een  1.56 -  0.39 mg/1,  and t h e  p l a t e s  showed z o n es  o f  i n h i b i t i o n  
a round th e  5 ,ug d i s c s ,  Tab le  1.9 su m m a r i s e s  t h e  r e s u l t s  o f  t h e  d i s c  
s e n s i t i v i t y  t e s t .
2.6.2 I h e  genus  S a r c i n a .
S a r c in a  i s  c h a r a c t e r i s e d  by i t s  a b i l i t y  t o  form p a c k e t s ,  t h e  
a b i l i t y  t o  grow in  e x t r e m e l y  a c i d i c  media .  The a n a l y s i s  o f  th e  ba se  
composit ion of  the  DMA, the  G+C mole per cent,  v a r i e s  between 28 and 31. 
C a n a l e - P a r o l a ,  and h i s  c o l l a b o r a t o r /  (1967),  S a r f e r t  and Venne (1969) 
and Rogosa (1971b).  Rogosa (1971a) c o n c u r s  w i t h  t h e  recom m enda t ion  o f  
Kocur and M ar t in ec  (1965) and Kocur e t  a l .  (1971) t h a t  only  a n a e r o b i c  
organisms (Sarcina v e n t r i c u l i  and Sarc ina  maxima) should be considered 
members of the genus ga rc ina. The o ther  aerobic  spore-forming organisms 
such as Sarc ina  ureae with  % Cw-C above 39 (Eohacek, Kocur and Martinec,  
1968) should  be c l a s s f i e d  a s  S p p r o s a r c i n a  Bohacek e t  a l .  ?( 1 968) and 
Kocur, e t  a l .  (1971).
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However t h e  p a c k e t - f o r m a t i o n  o f  S a r c i n a  i s  d i f f i c u l t  to  d e t e c t .. 
Such misreading may lead  t o  the  i d e n t i f i c a t i o n  of the  Sarcina spec ie s  a s  
GSAfkya anae r o b ia T (Douglas and Foubert , 1948), when the  i d e n t i f i c a t i o n  
i s  confined to  the  morphological  examination.
■2.6.3 The genus Ruminococcus
Morphologically i t  i s  i n d i s t in g u i s h ab le  from Peptos t rep tococcus and 
Coprococcus b u t  a p p e a r s  d i s t i n c t  from t h e  l a t t e r  two g e n e r a  i n  t h a t  
ruminococci.do not grow appreciably  with  p ro te in  decomposition products  
and do d ig e s t  c e l l u lo se  (Holdeman e t -a l . , - .  1977).
2.6.4 The genus Cpprpcoccus
Coprococci do no t  form p a c k e t s  t h e r e f o r e  u n l i k e  t h e  s t r a i n s  o f  
Sarcina^.  Coprococcus i s  m o r p h o l o g i c a l l y  s i m i l a r  t o  Ruminococcus^. 
Pgp tocpccus*  and P e p t o s t r e p t o c o c c u s  b u t  d i f f e r  from Rujnippcopcps in  
p roduc ing  b u t y r i c  a c i d  i n  t h e  media ,  and from Pgp£pcppcus and 
Pep tos t reptococcus in t h a t  carbohydrates  appear to  be t h e i r  main source 
o f  energy .  Peptone ,  however,  i s  used a s  n i t r o g e n  so u rce .  The % G+C 
c o n t e n t  of  Coprpcopcps i s  39 t o  42 which i s  very  c l o s e  t o  t h a t  o f  
Ruminococcus 39-42 (Rogosa, 1974a and Holdeman and Moore, 1974).
Since the  genera Ruminococcus and Cpprpcoccus have seldom, i f  ever,  
been i s o l a t e d  from human c l i n i c a l  m a te r i a l  (Holdeman and Moore, 1974, 
Holdeman, e£ a l . ,  1977), and p ro b ab ly  a r e  n o t  pa th o g en s  f o r  man (S m i th  
1975), they w i l l  not be discussed f u r t h e r  in  t h i s  review.
2.6.5 The Obligatplgy Anaerobic S t rep tococci
Another impor tant su b jec t  w i th  regard  t o  the c l a s s i f i c a t i o n  o f  AG+C 
i s  t h e  d i v i s i o n  o f  t h e  s t e p t o c o c c i  i n t o  a n a e r o b i c ,  a e r o t o l e r a n t  and 
f a c u l t a t i v e  g roups .  While  i t  i s  c o n v e n ie n t  from th e  s t a n d p o i n t  o f  
taxonomy, t h i s  d iv i s io n  in r e a l i t y  i s  not s t r i c t l y  c o r r e c t (S m i th ,  1975). 
Anaerobic s t rep tococc i  a re  c e r t a in ly  very important pathogens ( Finegold,  
1975). They w i l l  be encountered f requen t ly  in c l i n i c a l  m a te r i a l ,  they 
can be i s o l a t e d  only  under a n a e r o b i c  c o n d i t i o n s  and w i l l  n o t  grow 
a e r o b i c a l l y  (S tone  1940; Roerner, 1949; F in e g o ld  1977, Sm i th  1975 
Holdeman and Moore, 1974 and Holdeman e t  a l . , 1 9 7 7 ) .  However t h e s e
2 7
Ta
bl
e 
l.
ll
 
Id
en
ti
fy
in
g 
ch
ar
ac
te
ri
st
ic
s 
of
 
an
ae
ro
bi
c 
Gr
am
 
- 
po
si
ti
ve
 
c
o
c
c
i
*
w
•H
03
rH
cd 
3 
cd
o
kJ
O
M-f
O
sO
•rl
4-3
cd
4-3
3
a)
SM
a)|X4
osorons
aso^x^W
asoqonT;
a s o o n j o
asoxqoxxaO
uxqaxao
uixnosay
aqarqxN
aiopui
asnfaqno
uaSXxo 
03 uox^ax3H
o1-1 Nn CO co> v_ <>M (0 •V* /~S ' _ ■" /-S
H  *> M«v ✓— ^ /*S
rQ 03 GO •v H  03 •V co CO CO CO•H ^  ^ PQ v h > PQ v - /  ^
a  «* 03 •* A ft A •s «v' —'  /—X /^S  /*N hQ hQ i-JP-i 1—1 hJ CU •‘ M CU M •s ^V-/ l-J V—' ^  Cu V -/ \»x ^fs W f\ tl CO cd cO
<3 <J cd <2 <J <1 <3 <3 <3 ^  V-/
I I 
I I 
+ I 
I I 
I I 
I
>
I 
I
I + 
+ + 
+ + 
\ + + 
+ + 
+ I 
I + + 
I I I 
I I I 
I I I
1 1 1  
I I I
I I
I
+
I I I
> I I
I I I
+ I t +
+ + I I I
I I I I +
+
+
I
+
+
+ +  
+ + 
+ I 
+ + 
+
+ +
I I
<J <1 <J <J <J<J<!<!<! <2 <1 <2o o o o  o o o o o  o o o
co to3 CO 3 03 BO 3 4-3 3 3•H O cd •H 144-> •H r-H T3 O
to 4J r—l CU f“!p 0} tH (U B rH•H co, 3 o co l*-| 4-» 14 •H
,0 3 -P u 3 • H o 03 CU -aO co rH o cd o •H M 3 4h3 M
U o 3 3 & •H CO 4-3 cd O 3 OCU n > o r—1 3 O r 3 O •rl eCd o H o o o 3 > o
3 •H cd cd *3 50 CU o * * .cd s cu cu to 3 cd u cd 4-3 4-3 4-3cd •H 6 cu co CU CU CU* • • • (U (U <u
+j 4-> 4-> 4-1 . • . 1-1 14 Mco m 03 0) o o o o o 4-3 4-3 4-3cu CU cu cu cu cu 34 cu cu CO CO co
2 8
*R
os
en
bl
at
t 
(1
98
0)
.
authors  s t a t e d  t h a t  a few s t r a i n s  w i l l  grow on the  surface  of blood agar 
p l a t e s  i n c u b a t e d  a e r o b i c a l l y  a f t e r  they  have been c u l t i v a t e d  f o r  
numerous s e r i a l  t r a n s f e r s .  This phenomenon may vary with the  age of the  
c u l tu r e  and the amount of  inoculum. (Holdeman and Moore 1974).
S ince  s t r e p t o c o c c i  a r e  u s u a l l y  i s o l a t e d  from c l i n i c a l  m a t e r i a l s  
w i t h  o t h e r  AG+C, t h i s  may cause  c o n s i d e r a b l e  c o n f u s io n  i n  th e  
i d e n t i f i c a t i o n  o f  AG+C. They a r e  o b v io u s ly  very  c l o s e l y  r e l a t e d  t o  
o t h e r  AG+C in  t h a t  they  a r e  o b l i g a t e  a n a e r o b e s  on th e  f i r s t  i s o l a t i o n  
t h e re fo re  i t  i s  reasonable  to  consider them with  AG+C in a s in g le  key of 
i d e n t i f i c a t i o n .  On th e  o t h e r  hand t h o s e  o rg a n i s m s  which grow i n  a 
c an d le  j a r ,  can be exc luded  from c o n s i d e r a t i o n  (a s  a n a e r o b e s )  on t h e  
b a s i s  t h a t  they  w i l l -  no t  grow a n a e r o b i c a l l y  or  grow a e r o b i c a l l y  i f  a 
mois t  atmosphere i s  provided (Finegold,  1977).
The other problem i s  whether to  c l a s s i f y  anaerobic  s t r e p to c o c c i  a s  
a member of Peptost r e p tococcus or Streptococcus.  This po in t  a t t r a c t e d  
t h e  i n t e r e s t  o f  many t a x o n o m i s t s ,  p a r t i c u l a r l y  a s  t h e  G+C % v a l u e s  o f  
t h e  S t r e p t o c o c c a c e a e  s i g n i f i c a n t l y  o v e r l a p  (33-42/0 with the  s t r i c t l y  
anaerobic  members (37-3970 of the  genus, Pep tos t rep tococcus.
On t h e  b a s i s  o f  t h e  morphology, t h e  so u rce  of  en e rg y ,  t h e  end 
p r o d u c t s  and % G+C c o n t e n t  ( T a b le lo ) ,  some s i m i l a r i t y  can be seen  
be tween s t r e p t o c o c c i ,  p e p to c o c c i  and pep tos t rep tococc i .  However, the  
main d i f f e r e n c e  i s  t h a t  i n  th e  genus  S t r e p t o c o c c u s  l a c t i c  a c i d  i s  t h e  
major product of carbohydrate fe rm en ta t ion  p r im ar i ly  from glucose.  This 
was the  c r i t e r i o n  which led  Rogosa (1974c) and Holdeman and Moore (1974) 
t o  s u g g e s t  t h a t  such o rg an ism s  shou ld  be r e t u r n e d  t o  t h e  genus  
s t r e p t o coccus: (Prevot,  1925) even though Rogosa (1974b) c l a s s i f i e d  some 
s t r e p t o c o c c i  (P ep to c o c cu s  c o n s t e l l a t u s )  in  t h e  genus P ep tococcus^  
w hereas  (Holdeman and Moore 1974 Holdeman e t  a l . ,  1977) p l a c e d  t h e s e  
spec ies  in the  genus Streptococcus:^  Indeed Rogosa (1974a-b) commented 
t h a t  h e r e o n s t e l ^ a t u s  a s  w e l l  a s  t h e  g e n e r a  P e p t o c o c c u s  and  
Peptostreptococcus were in  d ispute .
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3. The Genus Peptpcoccus
3.1 Pepfcococcus n ig e r  (The type speces of the  genus Peptpcoccus): -
The s p e c i e s  P c .n ig e r  i s  ve ry  r a r e l y  i s o l a t e d  from c l i n i c a l  
spec im ens  bu t  i t  w i l l  be i n c l u d e d  in  t h i s  d i s c u s s i o n ,  s i n c e  i t  i s  o f  
taxonomic importance,  being the type spec ie s  of the genus Peptococcus 
(Kluyver and van N ie l ,  1936; Douglas ,  1957; Rogosa, 1974b; W i l k i n s ,  e t  
a l>. 1975 and Holdeman, Cato and Moore, 1977).
The f i r s t  i s o l a t i o n  and d e sc r ip t i o n  o f  t h i s  organism i s  c red i ted  t o  
H a l l  (1930) ,  who named i t  P c .n ig e r .  The s u c c i n c t  d e s c r i p t i o n  o f  t h i s  
spec ies  was amended by Wilkins,  e t  a l»f (1975), who designated i t  a s  the  
neo type  s t r a i n  o f  Peg, n i g g r  (ATCC s t r a i n  no. 27731, (V.PI 7953) (H a l l )  
Kluyver and van Neil (1936).
S t r a i n s  o f  Pc* p i g e r  a r e  o b l i g a t e l y  anaerob ic ,  non-mot ile ,  Gram- 
p o s i t i v e  c o c c i ,  which o c c u r  i n  s i n g l e s ,  p a i r s ,  t e t r a d s  and i r r e g u l a r  
c l u s t e r s ,  but chains  a re  not formed. The c e l l s  a r e  usually  spheres  from 
24-hr peptone-yeas t  e x t r a c t  glucose c u l tu re s ;  0.3 to  1.3 jum in  d iamete r ,  
the  average diamete r  i s  found to  be 0.7 .urn.
3.1.2. C p lp p ie s
On a n a e r o b i c  b lood  a g a r  p l a t e s ,  t h e  i n i t i a l  c o l o n i e s  w ere  b l a c k ,  
m inu te  t o  0.5 mm, c i r c u l a r ,  e n t i r e ,  convex, g l i s t e n i n g ,  smooth and 
w i t h o u t  h a e m o l y t i c  a c t i v i t y .  The b l a c k  p igm en ted  c o l o n i e s  f a d e d  on 
ex p o su re  t o  a i r ,  H a l l  (1936).  The o rg an ism  l o s e s  i t s  a b i l i t y  t o  form 
t h e  b l a c k  p igm en ted  c o l o n i e s  on s u b c u l t u r e ,  y i e l d i n g  n o n -p ig m en te d  
co lon ies  s im i l a r  t o  the o r ig i n a l  co lon ies  except l o s s  of a b i l i t y  t o  form 
p ig m e n t s  i s  i r r e v e r s i b l e  even in  f l u i d  media ,  ( W i l k i n s ,  e t  g i  1975).  
However Sm i th  (1975) r e p o r t e d  t h a t  on s u b c u l t u r e  t h i s  o rg a n i sm  w i l l  
s t i l l  produce the  pigmented co lon ie s  on chopped meat agar.
3 0
3.1.3.  C u l t u r a l  Charact e r i s t i c s : -
Growth in  peptone yeas t  e x t r a c t  b ro th  was non- tu rb id ,  with  a s l i g h t  
smooth w h i t e  or g r e y i s h - w h i t e  s ed im e n t .  The p e p t o n e - y e a s t - e x t r a c t -  
pyruvate c u l tu re s ,  were tu rb id  w i th  a smooth grey sediment (Wilkins,  e t  
a1-,  1975)
3.1.4 Biochemical Reactions :-
The s p e c i e s  Pc. n i g e r  i s  r e l a t i v e l y  i n a c t i v e ;  c u l t u r a l l y  non- 
sacch a ro iy t ic ,  and non p r o t e o l y t i c ,  hone of' t h e  f o l l o w i n g  s u b s t r a t e s  
were  a t t a c k e d :  a d o n i t o l ,  am y g d a l in ,  a r a b i n o s e ,  c e l l o b i o s e ,  d e x t r i n ,  
d u l c i t o l ,  e r y t h r i t o l ,  a e scu l in ,  f ru c to se ,  ga lac tose ,  l a c to se ,  maltose,  
mannitol ,  mannose, raelezitose,  melib iose,  r a f f i n o se ,  rhamnose, r ibose ,  
s a l i e i n ,  s o r b i t o l ,  sorbose,  s ta rch ,  sucrose,  t r e h a lo se ,  xylose,  g e l a t i n ,  
milk, l a c t a t e  was not u t i l i z e d  but pyruvate was a t tacked ,  ho production 
of indole ,  ace to in ,  l e c i t h i n a s e ,  l i p a s e  or coagulase. No reduc t ion  of 
n i t r a t e .  Gas was produced in  peptone-yeast  e x t r a c t - g lu co s e  agar deeps. 
Hydrogen s u l p h i d e  in  b r a i n  medium, ammonia,  and H2 i s  p roduced .  
Catalase  i s  produced.
The main fe rm en ta t ion  products from peptone yeas t  e x t r a c t  glucose  
or pyruvate were caproic ,  b u ty r i c ,  i s o b u ty r i c  and i s o v a l e r i c  a c id s  and 
t r a c e  amounts of a c e t i c ,  propionic ,  v a l e r i c ,  l a c t i c  and s u cc in ic  ac ids .  
(Wilkins,  ep a l . ,  1975 and Hoi de/man, Cato and Moore (1977).
The s p e c i e s  Pc* n i g e r  i s  s e p a r a t e d  f ro m  a l l  AG+C i n  t h e  
p r o d u c t i o n  of  c a p r o i c  a c i d  from t h e  f e r m e n t a t i o n  of  p y r u v a t e  and 
g lu c o s e .  (W i lk in s  e t  a l . ,  1975; Smith  1975 and Holdefman e t  a l . ,  
1977).
3.2 Peptpcoccus p r e v o t i i : -
T h i s  o rgan ism  was o r i g i n a l l y  d e s c r i b e d  by F o u b e r t  and Douglas  
(1948), who mentioned d i f f e r e n t  s t r a i n s  under the name of  Pp. p r e v o t t i .  
The major i ty  of the  s t r a i n s  were morphologically  s i m i l a r  to  Pc. n ig e r ,  
b u t  some s t r a i n s  ap p ea r  t o  be made up of c o n t ig u o u s  p l a t e s  o f  f o u r ,
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arranged in  many planes.  Host of  the  s t r a i n s  have an extremely l im i t e d  
a b i l i t y  t o  a t t a c k  c a r b o h y d r a t e s ,  w h i l s t  some s t r a i n s  produce  s m a l l  
amounts o f  acid  from glucose,  f ru c to se ,  ga lac to se ,  mannose, maltose,  and 
r a f f i n o s e ,  b u t  no t  from l a c t o s e ,  s t a r c h ,  i n u l i n ,  s a l i c i n ,  g l y c e r o l  or  
rnannitol .
After an equally  comprehensive study Rogosa, (1974b)concluded t h a t  
th e  d e s c r i p t i o n s  o f  M* p r e y o t i i  (F o u b e r t ,  and Douglas ,  1948) and fc* 
P £ e v q t i i  (Douglas ,  1957) a r e  composed o f  two o rg a n i sm s  (Pc*, p r e y o t i i  
and Pc. a s a c p h g r p i y t i c u s ) .  I n s p i t e  o f  t h e  f a c t  t h a t  Rogosa (1974b) 
ind ica ted ,  the  t e t r a d  forming organisms which a re  capable of fermenting 
glucose and c e r t a in  o ther carbohydrates,  and produce l a c t i c  and bu ty r i c  
a c i d s  a s  m a jo r  p r o d u c t s  r e s e m b le d  t h e  o rg a n i s m s  Gaffkyq a n a g r p k i a  he 
suggested t h a t  the spec ies  JPc. p r e y o t i i  and G*. anaerobia are  i d e n t i c a l .  
However, he accepted Pc. a saccha ro ly t icus  and agreed t h a t  Qj, gpaerpbia  
i s  a v i a b l e  s p e c i e s  and t h a t  Pc* p r e v o t i i i  c o n s i d e r e d  a s  a nomina 
confusa.
The p h y s i o l o g i c a l  and b i o c h e m i c a l ; d i f f e r e n c e s ,  be tw een  t h e  two 
spec ies  were confirmed and prompted Holdernan, Cato, and Moore, (1977) to  
p ropose  t h e  s e p a r a t i o n  o f  t h e  s p e c i e s  o f  Pc. p p e y p i t i  from Gaffyka  
anaerobig. According to  the  l a t t e r  au thors  s t r a i n s  a sc r ibed  t o  fc* £jdl 
P r e v o t i i  r e p r e s e n t e d  tw o  d i f f e r e n t  g r o u p s  o f  o r g a n i s m s ;  t h e  
a s a c c h a r o l y t i c  c u l t u r e s  w e r e  c l a s s i f i e d  a s  Pc.. p r e y p t t i ,  and  
saccha ro ly t ic  spec ie s  as  Gaffkya anaerobia.
3.3 Gaffkya anaerobi a :
The spec ies  of  Gaffkya anaerobia  d i f f e r  from t h a t  of Pc*. p r e y o t i i  
in  the u t i l i z a t i o n  of f ru c to se ,  glucose,  maltose,  mannose, and sucrose  
and h y d r o l y s i s  o f  a e s c u l i n .  On b a la n c e  t h e  s t r a i n s  o f  Pc* p r e y o t i i  
possessed a weak a b i l i t y  t o  ferment glucose.
3.4 Peptococcus g r i g r o f f i
In  t h e  s e v e n th  e d i t i o n  o f  Bergey t s Manual of D e t e r m i n a t i v e  
Bacte rio logy, Douglas (1957) described Pc. g r i g r o f f i  as being a c l u s t e r
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former and production o f  acid  from glucose,  f ruc tose ,  maltose,  l a c to se ,  
and s o r b i t o l .  In  c o n t r a s t  S c h l e i f e r ,  and Nimerman, (1973) b e l i e v e d  
t h a t  t h i s  organism was designated wrongly, because i t  i s  i d e n t i c a l  to  
Pc. P E g v p t i i  on th e  b a s i s  of  t h e  p h y s i o l o g i c a l  b e h a v io u r  ( g lu c o s e ,  
a r a b i n o s e ,  c e l l o b i o s e  and g l y c e r o l  were  no t  f e rm e n te d  b u t  g a s  was 
p roduced)  and t h e  q u a n t i t a t i v e  c e l l  w a l l  c o m p o s i t i o n  (b o th  s t r a i n s  
c o n t a i n  g l u t a m i c  a c i d ,  l y s i n e ,  g l y c i n e ,  a l a n i n e ,  rnuramic a c i d  and 
g lu c o sa m in e  a t  a m o la r  r a t i o  of  a b o u t ,  1 : 0.74 : 0.63 : 0.33 : 0.87 • 
1.2). In ad d i t io n  they revealed a n . i d e n t i c a l  sugar p a t te rn ,  glucose ,  and 
u n id e n t i f i e d  sugar. Therefore the spec ies  Pp* gp igppf f i  i s  omit ted  from 
the  cu r ren t  c l a s s i f i c a t i o n  o f  AG+C, (Rogosa 1974b, Smith 1975; Holdeman, 
Cato, and Moore 1977; S u t t e r  e t  a l . ,  1980 and Rosenbla tt ,  1980).
3.5 Peptpcoccus asaccna rp ly t  j p u s : -
As t h e  name i m p l i e s ,  t h e  s p e c i e s  Pc* a s a c c h a r o l y t i c u s  does  n o t  
a t t a c k  any of  th e  common s u b s t r a t e s  ( c a r b o h y d r a t e s ) ,  r e s e m b l i n g  Pc*. 
P£PYptj , i .  in  t h e  8 t h  ed. o f  Bergey’s Manual,  Rogosa (1974b)commented 
t h a t  s t r a i n s  o f  Pc.. a s a c c h a r o l y t i c u s  and  Pc*. p p e v p t i i  w e r e  
i n d i s t i n g u i s h a b l e ,  s i n c e  they d i f f e r e d  on ly  by i n d o l e  r e a c t i o n  o u t  o f  
over 100 other c h a r a c t e r i s t i c s .  However, the producton of indole  by the  
c u l t u r e s  o f  Pc* a s a c c h a r o l y t i c u s  i s  used t o  s e p a r a t e  i t  from Pe. 
prev o t i i ,  (Dowell and Hawkins 1974; Martin 1974; Smith 1975; Holdeman, 
Cato and Moore 1977; S u t t e r  e t  aj,. ,  1980 ana R o s e n b l a t t  1980).  The 
s t r a i n s  of  Pc*. p r e y o t i i  however, are  d i s t i n c t  from Pc* a sa ccha rp iy  t  i c u s , 
Porschen, and Spoulding, (1974a) who demonstrated t h a t  the  s t r a i n s  of fc* 
p r e y o t i i  were s p e c i e s - s p e c i f i c ;  in  t h a t  a l l  s t r a i n s  (3) o f  Pc* pr e y o t i i  
c ro s s - r ea c ted  a n t ig e n ic a l ly  and they did not c r o s s - r e a c t  wi th  any of  the  
AG+C t e s t e d  ( i n c l u d i n g  Pc*. a s a c c h a r p l y t i c p s ) , when s t u d i e d  by 
f l u o r e s c e ^ n i c ro s c o p y .  S i m i l a r  f i n d i n g s  ob ta ined  in immunofluorescence 
study have been repor ted  by Bohrn and Werner (1975).
3.6 Peptpcoccus aerpggnps:-
F o u b e r t  and Douglas  (1948) r e p o r t e d  t h a t  t h e  only d i f f e r e n c e s  
b e t w e e n  t h e  o r g a n i s m s ,  Pc.* a s a c c h a r o l y t i c u s  and  Pc*. a e r o g e n e s  
(Micrococcus aerogenes Schottmuller ,  1912) a re  q u an t i t a t iv e ; -  such as the
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i n t e n s i t y  of  gas  product ion from peptone and s l i g h t  d i f f e r e n c e s  in  the  
c e l l  d i a m e t e r ;  th e  c e l l s  o f  t h e  f o r m e r  ranged  from 0.75 t o  1.0 jum, 
w h i l s t  the  l a t t e r  ranged from 1.0 to  1.2 ;um in diameter.  Subsequently,  
Rogosa (1974b).noted th a t  the two spec ie s  were in d is t in g u i s h a b le ;  on the 
b as is  of the  microscopic  appearance,  genera l  c u l t u r a l  behaviour,  and th e  
amino ac id  metabolism (as w i l l  be d iscussed l a t e r ) .  This sugges t ion  i s  
s u p p o r t  by %G-!-C c o n t e n t  (35.7 and 36.7 moles  % o f  two s t r a i n s  o f  Pc. 
serpgenes  and 36% moles of one s t r a i n  o f  Pc* asaccharo ly t i cus (Rogosa, 
1974b.)• However, he continued to  descr ibe  them separa te ly .
In  t h e  4 th  ed.  o f  VPI Anaerobe L a b o r a to r y  Manual,  Holdeman, Cato 
and Moore (1977),  t h e  a u t h o r s  a g re ed  t o  combine t h e  two s t r a i n s  i n  a 
s ing le  spec ies  (ATCC 14963 = NCIB 10074 lab e led  Pc* aerogenes).
The p r o d u c t i o n  o f  i n d o l e  by th e  s t r a i n s  o f  Pc* aprogerjpp and a s  
well  a s  Pc* asgccharo ly t icus ,  Rogosa (1974b)and Holdeman s ep a ra te s  them 
from Pc. p r e y o t i i  which i s  j u s t i f i e d  by t h e  r e s u l t s  o f  S c h l e i f e r ,  and 
Mimmerraan, (1973).  These a u t h o r s  found t h a t  t h e  m ure in  o f  Pc*r
l .a^Qgenes  (ATCC 14963) c o n t a i n s ,  g lucosamine ,  muramic ac id ,  a lan ine ,  
o r n i t h i n e ,  g l u t a m i c  a c i d ,  a t  a m o la r  r a t i o  of  a b o u t  3.27*. 1.0 : 3.65 : 
1.87 :1 w hereas  t h o s e  of  Pc* p r e y o t i i  ( s t r a i n s  ATCC 9321) a r e  muramic
a c i d ,  g lu c o sa m in e ,  a l a n i n e ,  g l y c i n e ,  l y s i n e ,  g l u t a m i c  a c i d  a t  a m o la r  
r a t i o  o f  abo u t  0.85 : 1.23 : 0.33 : 0.63 : 0.73 : 1. The am ounts  o f  
a l a n i n e  i n  t h e  c e l l s  o f  Pc. a e r o g e n e s  i s  h i g h e r  th a n  t h a t  o f  Pc* 
prey o t i i  in a d d i t io n  the  c e l l  w a l l s  of  Pc* aerogenes con ta ins  o rn i t h in e ,  
w h i l s t  £c* p r e y o t i i  con ta ins  ly s in e  and u n id e n t i f i e d  sugar.
3.7 Peptpcoccus ip d p l i e u s : -
The spec ies  Pc* inpo l icus  seems to  be f a i r l y  commonly i s o l a t e d  from 
animals  but i s  r a r e ly  i s o l a t e d  from human c l i n i c a l  m a te r i a l ,  a l though 
th e re  has been evidence of i s o l a t i o n  from a skin  i n f e c t io n  of  a f in g e r  
Bourgalt  and Rosenblatt  (1979). This organism i s  c lose ly  r e l a t e d  t o  the  
spec ies  of Pc* a sacch a ro ly t icu s, but d i f f e r s  in  few c h a r a c t e r s : -
Sgsrensen (1973) found th a t  Pc* gndoljpus  i s  a well  defined sp ec ie s  
on t h e  b a s i s  o f  a n t i g e n i c  and b i o c h e m ic a l  t e s t s .  97.5% o f  t h e  s t r a i n s  
t e s t e d  produce coagulsse t e s t .  Furthermore Pc. asacchar o l y t icus  showed
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no s e r o l o g i c a l  r e l a t e d n e s s  w h a t s o e v e r  t o  Pc* i n d o l i c u s .  On t h e  o t h e r  
hand the  s t r a i n s  of  Pc* ind o l icu s ,  d iv i s a b le  in  a number of types by gel 
d i f f u s io n  a n a ly s i s  (6 p r e c i p i t i n - t y p e s ;  designated A,B,C,D,E and F were 
d e m o n s t r a t e d ) ,  b u t  p o s s e s s i n g  a common a n t i g e n ,  d e m o n s t r a t e d  by th e  
complement  f i x a t i o n  t e s t ,  has  proved t o  be a w e l l , d e f i n e d  s p e c i e s .  
These o b s e r v a t i o n s  l e d  Sjdrensen t o  conc lude  t h a t  £ c ,  i p d p l i c u s  shou ld  
n o t  be c l a s s i f i e d  a s  a v a r i a n t  o f  Pp* a s a c c h a r o l y t i c u s .  S u b se q u en te ly  
Sorensen (1974) ass igned M. indo l icus  t o  the genus Peptpcoccus, and the  
name Pc. i n d o l i cus has th e re fo re  been suggested.  A t o t a l  of 16 s t r a i n s  
Pc,, i n d o i i c p s  t e s t e d ,  two o f  which produced  a - h a e m o l y s i n  a f t e r  an 
i n c u b a t i o n  p e r io d  o f  48-72 h r ,  w hereas  t h e  o t h e r  f o u r t e e n  s t r a i n s  
produced B-haemolysin a f t e r  24 hr of incubat ion,  however the  c u l tu r e s  of 
Pc. a sacch a ro ly t icu s  a re  non haemolytic (Sorensen, 1975).
S w i ta l sk i ,  and Schwan (1978) confirmed the presence of coagulase  in  
93% o f  Pg, ipdolgcus  s t r a i n s .  The data suggested t h a t  t h i s  enzyme was 
synthes ized and r e leased  in to  the  medium during the  lo g a r i th m ic  phase of 
the  growth. I t  i s  p ro te in  in na ture  and capable of coagula ting  c i t r a t e d  
or hepar in ized  r a b b i t  plasma w i th in  3hr, t h i s  agrees  wi th  the  f ind ing  of  
H o ld em an ,  e t .  a l . , ( 1 9 7 7 ) .  Pc.. i n d o l i c u s  d i f f e r s  f r o m  Pc.,
asaccha r o l y t i cus in  t h a t  the  fo rmer  produced  c o a g u la s e ,  and c o n v e r t e d  
l a c t a t e  i n t o  p r o p i o n i c  a c i d ,  Holdeman, Cato and Moore (1977) and 
Bourgal t ,  Rosenb la t t  (1979).
Schwan, (1979) a l s o  o bse rved  t h a t  Pc*, i n d o l i c u s  shou ld  be s p l i t  
from PCj, g s a c p h a r p l y t l c u s  on th e  b a s i s  of  th e  a b i l i t y  t o  p r o d u c e r s ,  
a l k a l i n e  p h o s p h a ta s e ,  (P o rschen  and S p a ld in g ,  1974b),  reduce  n i t r a t e ,  
and cause plasma c lo t t i n g .
3.8 The s p e c i e s  o f  Pc* magnus,  Pc*. a n a e r o b i u s ,  Pc,  y a r i a b i ^ i s  and Pc.
g ly e in o p b i lu s : -
The most c o n fu s in g  o rg a n i sm s  in  t h e  genus P e p tp c o cc u s  a r e  Pg* 
©agnus, Pc ,  a n a e r o b i u s ,  £c* v a r i a b i l g s  and Pg, g l y c i n o p h i l u s ,  even 
though the  l a t t e r  spec ies  was i s o la te d  from black mud(€ardon and Barker, 
1946), i t  w i l l  be included in  the sec t ion  on amino ac id  u t i l i z a t i o n .
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In  B ergey ’s Manual ( 7 th  ed) .-Douglas and Sm ith  (1957) d e s c r i b e d  
these  spec ie s  s ep a ra te ly ,  because they exh ib i ted  c e r t a in  d i f f e r e n c e s  in 
the  c e l l  s ize ,  l i q u i f i c a t i o n  of g e l a t i n ,  production o f  HpS, reduc t ion  of 
n i t r a t e .  Both s t r a i n s  o f  Pc. v a r i a b i l i s  and Pc. g lyc iooph i lus  l i q u i f i e d  
g e l a t i n ,  but the  l a t t e r  s t r a i n  i s  r e a d i ly  separa ted  from the o ther  th ree  
AG+C, by t h e  r e d u c t i o n  of  n i t r a t e s .  However both  c u l t u r e s  o f  Pc* 
snaerpbius  and Pc. v a r i a b i l i s  produced H?s.
The r e s u l t s  of  S c h le i f e r  ana Nimmerman (1973) showed a t e n t a t i v e  
r e l a t e d n e s s  o f  t h e  s p e c i e s  o f  Pc. a n a e r o b i u s  and Pc. v a r i a b i l i s ;  b o th  
spec ies  possessed the same compounds in t h e i r  c e l l  w a l l s
(muramic acid ,  glucosamine, a lan ine ,  g lyc ine ,  ly s in e ,  g lu tamic  ac id  a t  a 
r a t i o  o f  a b o u t  0.9 : 0.87 : 0.5 : 1.75 : 0.87 : 1.). West and Holdeman 
(1973) recommended t h a t  t h e s e  o rg a n i sm s  shou ld  rem a in  a s  s e p a r a t e  
spec ies  or,  a l t e r n a t i v e l y ,  t h a t  Pc*. v a r i a b i l i s  and Pc. g lyc inoph i lu s  be 
considered as  synonyms of  Pc. magnus. They suggested t h a t  the  name Pc* 
a n a e r o b i u s  i s  a nomen confusum and should  be r e j e c t e d .  Because  th e  
spec ies  e p i t h e t  in t h i s  name "anaerobius" i s  r e t a in ed  in  two d i f f e r e n t  
spec ies  of AG-j-C, which belong to  two d i f f e r e n t  genera; whose names are  
very  s i m i l a r  and have th e  same i n i t i a l  l e t t e r  d i r e c t l y  c o n t r a r y  t o  
p r in c ip le  I  of the In te r n a t io n a l  Code of  nomenclature the avoidance of 
confusion.
Rogosa (1974b) in  t h e  8 th  ed. o f  B ergey’s Manual t r a n s f e r r e d  t h e  
spec ies  Pc. magnus from the genus Peptostreptocpccus (Smith, 1957) in to  
the  genus Peptpcoccus. In s p i t e  of the  d i f f e r en c es  which were repor ted  
by Douglas (1957) and Sm ith  (1957) (see  be low),  Rogosa u n i t e d  th e  
spec ies  Pc* magnus, Pc* anaerobius ,  Pc* g lyc inoph i lus  and Pq* v a r i a b i l i s  
under a s i n g l e  s p e c i e s  Pc* magnus. The c o n s i d e r a t i o n  of  t h e  l a t t e r  
t h r e e  s p e c i e s  a s  synonyms o f  Pc* a n a e r o b i u s  was on t h e  b a s i s  o f  t h e  
fe rm en ta t ion  of g lyc ine ,  and the  i n a b i l i t y  to  ferment carbohydrates.  In 
p a r t  t h e  p ro p o s a l  o f  Rogosa (1974) t h a t  Pc. a n a e r o b i u s  and Pc* 
v a r i a b i l i s  a re  the  same organism, agrees  w i th  the  f in d in g s  of  S c h le i f e r  
and Nimmerman (1973).
Other i n v e s t ig a to r s  Rogosa (1974b); S u t t e r  (1980); Smith (1975) and 
Wells and F ie ld  (1976) claimed th a t  the  Pc* v a r i a b i l i s  i s  r e l a t e d  to  and 
mav be i d e n t i c a l  with  Pc* magnus.
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Douglas  (1957) commented t h a t  s t r a i n s  o f  Pc. magnus d i f f e r e d  
from th o s e  o f  Pc. v a r i a b i l i s  because  th e  fo rm er  could  n o t  h y d r o ly s e  
g e la t in .  Although Smith (1975) agreed he did show t h a t  Pc* v a r i a b i l i s  
could hydrolyse g e l a t i n  when the media contained Tween 80. Porschen and 
Spou ia in g  (1974a) found t h a t  a l l  s t r a i n s  o f  Pc. magnus i n v e s t i g a t e d  
c ro s s - r ea c ted  a n t ig e n ic a l ly  when s tudied by f lu o resce  microscopy.
S t r a i n s  o f  Pc. magnus and Pc. v a r i a b i l i s  were c l a s s i f i e d  in  one 
g roup  I I I  (Table  1.6) W e l l s  and F i e l d  (1976);  on th e  b a s i s  o f  th e  long  
c e l l u l a r  f a t t y  ac ids  (LCFA) in t h e i r  c e l l  walls .  Both s t r a i n s  conta in 
C16:1? C16? C1g :1? C18 and  u n i d e n t i f i e d  p e a k s  o f  LCFA on t h e  
chromatogram o c cu r re d  on t h e  p o s i t i o n s  be tween and C-jg.-j, C-jg and
C-]8:1 and between C-jg and C2 0
The c l e a r  separa t ion  of  these  organisms noted i s  somewhat d i f f i c u l t  
t o  i n t e r p r e t .  There  i s  c e r t a i n l y  a need f o r  an a g re e m e n t  on th e  
nomenclature and the  conventional c r i t e r i a  separa t ing  them, and because 
in  p a r t  th e  Co type  o f  Pc*. v a r i a b i l i s  i s  c u r r e n t l y  l i s t e d  by VPI a s  a 
re fe rence  s t r a i n  of  Pc. magnus, Holdeman, Cato and Moore (1977).
3.9 Peptpcoccus a.c.tivus :-
Accord ing t o  F o u b e r t  (1957) and Rogosa (197Mb)-the c u l t u r e s  o f  Pc* 
P£tivus  were p ro te o ly t i c  (coagulated serum, egg albumin, f i b r i n ,  b ra in ,  
and c a s e i n  were  a t t a c k e d  a t  1-east p a r t i a l l y  d i g e s t e d  w i t h  v a r i a b l e  
blackening, and g e l a t i n  was l i q u i f i e d )  and saccharo ly t ic  (acid and gas 
were  produced from , g l u c o s e ,  f r u c t o s e ,  l a c t o s e ,  a r a b i n o s e  or x y l o s e ) .  
Milk reduced, indole ,  HpS and c a ta l a se  were produced, w h i l s t  S c h le i f e r  
and Nimmerman (1973) r e p o r t e d  t h a t  th e  p h y s io lo g ic a l  c h a r a c t e r i s t i c s  
( s i n c e  no p ro d u c t io n  of  a c i d  o r  v i s i b l e  gas  from g lu c o s e ,  a r a b i n o s e ,  
c e l l o b i o s e  and g l y c e r o l )  and t h e  com pos i t ion  of the  peptidoglycans of 
th e  s p e c i e s  Pc* a c t i y u s  were so s i m i l a r  t o  th o se  o f  Pc. a n a e p o b iu s  and 
fc .  v a r i a b i l i s ,  to  warrant inc lus ion  in  the  same spec ies  and to  in d i c a t e  
t h a t  the s t r a i n  o f  Pc* ac t iy u s  was probably ra i s c la s s i f i ed .
Nevertheless  many b a c t e r i o l o g i s t s  working in  th e  f i e l d  of anaerobes  
were  r e t i c e n t  in  t h e i r  a c c e p ta n c e  of the  p r o p o s a l  of  S c h l e i f e r  and 
Nimrnerman (1973)  o r  t h a t  o f  Rogosa (197Mb). O t h e r s  b e c a u s e  o f
3 7
v a r i a b i l i t y  remained confused over c r i t e r i a  used t o  des igna te  a s t r a i n  
a s  E&* gc£iyug co-type.
3.10 £gp&P£S£CiJ£ pacf iharpiy^icps:-
The o r i g i n a l  d e s c r i p t i o n  o f  gg£cpa£oly;y,££l§ was g i v e n  by 
Foubert  and Douglas (1948) and i t  was included a s  a member of  the  genus 
Pepl ppopcus in th e  7 th  ed. of Bergey’s Manual by Douglas in  1957* This 
organism i s  un l ike  o ther  peptococci s ince  i t  ferments  glucose ,  f r u c to s e ,  
mannose and g ly ce ro l  and produces e thano l ,  a c e t i c  and formic  a c id s  from 
the  fe rm en ta t ion  of  glucose ,  (Foubert and Douglas, 1948; Douglas, 1957; 
Dowell and Hawkins 1974; Holdeman Cato and Moore 1977; S u t t e r ,  a l . ,  
1980 and R o s e n b l a t t ,  1980),. The c u l t u r e s  o f  £&* a r e
c a t a l a s e  p o s i t i v e ,  c o a g u la s e  n e g a t i v e ,  produce n i t r i t e s  from n i t r a t e s  
and reduce n i t r i t e s .  G e la t in  was repo r ted  to  be no t  l i q u i f i e d ,  except 
by S u t t e r  &t a l* ,  (1980).
F o u b e r t  and  D o u g l a s  (1948)  f o u n d  t h a t  a l l  s t r a i n s  o f  JRc* 
£S££b3£Pl&&jLpP5 t e s t e d  were  s t r i c t l y  a n a e r o b i c  and have shown no 
tendency  t o  become f a c u l t a t i v e  a n a e r o b i c ,  w h i l s t  Evans,  M a t t e r n  and 
Hallaman (1978) repor ted  t h a t  12% of the  s t r a i n s  o f  gp* pacp f ta rp ly t icus 
t e s t e d  grew e q u a l l y  w e l l  a e r o b i c l l y  and a n a e r o b i c a l l y .  Crosa p& a l . ,  
(1979) r e p o r t e d  t h a t  a l l  s t r a i n s  (23) grew b e t t e r  a n a e r o b i c a l l y  i n  an  
atmosphere (composed of  10% H£, 10% CC^, 80% ni t rogen)  than a e r o b i c a l l y ,  
but the  maximum colony s i z e  was achieved on blood agar  p l a t e s  incubated  
i n  an a tm o s p h e re  o f  4% Oxygen, 8% hydrogen ,  8% CO2 and 80% n i t r o g e n .  
However the explana t ion  of t h i s  phenomenon i s  s t i l l  unc lear.
On th e  b a s i s  of  c e r t a in  p r o p e r t i e s  (Crosa g t  a l . ,  1979) th e  s t r a i n s  
o f  fc*  ggppbg izp ly i ipps  form a t i g h t  g roup ,  f o r  example  when j u d g e d  on 
deoxyribonucleic  ac id  homology l e v e l s  which range from 93 to  100%. This  
was s u b s e q u e n t ly  c o n f i rm ed  by K i l p p e r ,  Buhl and S c h l e i f e r  (1980) .  
H o w ev e r ,  t h e  t a x o n o m i c  p o s i t i o n  o f  fCj, gacp^gjcf i l iM iisyS  i s  a 
c o n t r a v e r s i a l  s u b j e c t .  In  1972, Moore, Cato and Holderman, a d v o c a t e d  
th e  t r a n s f e r  of  Eg* pace pa ro ly  t,i.cup to  the  genus Ruinigopigccyp. S t r a i n s  
designated Eg* gapgpargly llpgs  have however, G+C moles percentage  v a lu e s  
o f  30 t o  33,  Moore g t  a l . ,  (1972) ,  w h i l s t  RugiljQiQcpcpus s t r a i n s  a r e  
cha rac te r ized  by h igher  va lues  of 39.8 t o  45.4% (Moore, g t  al», 1972).
3 8
•P
as
P
P  (0 « 
r-4 Oo + e o <c•rl <4-1“  O
cm ro cm co co co co
I I I I I I I I I I I I
I I I I I I I14 O O  O CO rH
o  o  o  o  •—< o
I I I I I • I I I
o o o o c o r H r H i - H i r c o c o c o r H
ro  in  w  
vo r-  vo r» cm • • • • I • I I I I I I I
O H r t H  TT
I I I I I I 00 CTl O O
I I I I • I I t I I I I I
O O O O  O O O *—I o  o  o  
o o o o o o o o o o o o o
•o-
in i—i
in
G \ ro U
H vo U
(N fH o\ H
ro •^r <
G \ u H —'
o
U  ^ u CO
O  < o 3
E-* H o
< <  i-l
(0 (0 -P
3 X CO
•r-l *—4 •H (0 r~l 3
•H •H -Q a> o XJ
.Q w o c P -H
o <0 3 p 0) id p
> •H > 0) tr» ■p
a> P id o 3u ftf -P c P <0 a
a > O (0 a) to
as
P
s
t
.
o
cu P
c
.
P
c
.
P
C
.
P
c
.
P
C
.
CO CO
CO
3 g
3 3 -P 3
t I iH id P
ca Xl XI r-4 O3 0) a) i—I p—1
xj g g a) i—1•rl P p -p i-l
P a> a co XJ•P p -p c lH
3 c c o o& i-> -h o g
*—I
< - H
o  g
■h  id 
4-> CO 
P  O 
Id u  & 9
CO rH« O
•p <  o
i-4
c
3 0)
<d a
i-4
CO XJ
id -P
i-l
X3 c
-r4 P
O O
id
ii <a
u i-4
i-4 o  o
g id
id
j-i u
3 0) i-4 —.
r—4 C g COtn *H Id r~
CO P CV
x: >i 3 H
-P XJ X
i-4
5 II II c
c
x> < id
<u 2EJ g  —
CO P  o>
co <u x
0) XJ g  CTl
P i-4
Q. O •H 1'
X id 2
a)
o XJ
V -H C  rH
P g  a) Id r i  Id
id id c vo
■P i-4 P  VO -P
co 3  P a) OV ail
o r—1 0) <4H rH
i-i O  CO iH —  P
■p 0) id
id II II H  C f i
P x: xs -p
< u id id
p o  cn cn cq >J
id
r—1
o
g XI
M
■K —I CM CO
3 9
In  t h e  8 t h  ed.  o f  Bergey’s Manual,  Rogosa (1974b) c l a i m e d  t h a t  Pp* 
saccharo ly t i cus i s  f rank ly  s a c c h a r o c l a s t i c  ( s i n c e  i t  u t i l i z e d  g l u c o s e  
w i t h  p r o d u c t i o n  o f  CC>2 , e t h a n o l ,  a c e t i c  and f o r m i c  a c i d s )  and i t s  
n i t r o g e n ,  m e ta b o l i sm  i s  l i t t l e  u n d e r s to o d ,  hence  he p roposed  th e  
exclus ion  of t h i s  spec ies  from the genus Peptpcoccus,  without,  however, 
m e n t io n in g  where  th e  o rgan ism  should  be p l a c e d ,  w h i l s t  Dowell  and 
Hawkins (1974) in  t h e  C en te r  f o r  D isea se  C o n t ro l  L a b o ra to ry  Manual 
r e t a i n e d  Pc.. s a c c h a r o l y t i c u s  a s  t h e  o n l y  s p e c i e s  i n  t h e  g e n u s  
Peptpcoccus based on the  fe rm enta t ion  of  glucose ,  g lycero l  and n i t r a t e  
reduc t ion .
S c h le i f e r  and Nimmerman (1973) r e s i s t e d  the  tem pta t ion  to  include 
Pc*. Sf iCciiapoly ticus  in  th e  genus P e p tp co ccu s ,  w h i l s t  r e c o g n i z i n g  th e  
f i r s t  i n d i c a t i o n  o f  t h e  r e l a t i o n s h i p  o f  t h i s  s p e c i e s  t o  t h e  genus  
Staphylococcus according to  the  q u a n t i t a t i v e  amino ac id  composi t ion of 
the  c e l l  w a l ls .  S t r a in s  o f  Pc. sacch a ro ly t icu s  (S ch le i fe r  and Nimmerman 
1973) and Staphylococcus gpiSPnoiQiP (S ch le i fe r ,  Huss and Handler 1969) 
p o s s e s s  muramic a c i d ,  g lu c o sa m in e ,  a l a n i n e ,  g l u t a m i c  a c i d ,  l y s i n e ,  
g l y c i n e  and s e r i n e  a t  a m o la r  r a t i o  of  a b o u t  ; 0 . 9  : 1 : 1.9 : 1.0 :
0.96 : 4.2 : 0.97 and 1 : 1 :  2.4 : 1 : 1 :  4.2 : 0.6 r e s p e c t i v e l y .  In  
c o n t r a s t  t h e  o t h e r  p e p t o c o c c i  (Pc* p r e y o j : i i*  Pc* v a r i a b i l i s *  
ae r o g e n e s )  d i f f e r  from Pc* s a c c h a r o l y t i c u s  i n  t h e  c o m p o s i t i o n  o f  c e l l  
w a l l s  (Table 1.12). Moreover Pc*. s a c c h a p p l y t i c u s  d i f f e r s  s i g n i f i c a n t l y  
from the  o ther  AG+C in  conta ining g lycero l  and t e i c h o ic  ac id  in  i t s  c e l l  
w a l l s ;  which i s  a l so  a c h a r a c t e r i s t i c  c e l l  wai l  component of the  genus 
Staphylococcus .
The suggestion t h a t  Pc*. sacch a ro ly t icu s  i s  not r e l a t e d  to  th e  genus 
Ppp^pcppcps,  b u t  r e s e m b l e s  c o a g u la s e  n e g a t i v e  s t a p h y l o c o c c i ,  i s  a l s o  
supported by the study of Wells and F ie ld  (1976), Kilpper and S c h le i f e r
(1978),  K i lp p e r ,  Buhl and S c h l e i f e r  (1980) and Ludwig e t  a l . ,  (1981) .  
W el l s  and F i e l d  (1976) found t h a t  t h e .g a s  c h ro m a to g r a p h ic  p r o f i l e s  o f  
t h e  m e t h y l a t e d  LCFAs o f  th e  c e l l  w a l l s  o f  Pc*. s a c c h a r o l y t i c u s  d i f f e r  
from a l l  AG-f-C t e s t e d  in  c o n t a i n i n g  a c h a r a c t e r i s t i c  p r o m i n e n t ,  
u n id e n t i f i e d  peak w i th  r e t e n t i o n  t ime between Cg and C - , q ,  t h e r e fo re  the  
s p e c i e s  Pc. s a c c h a r o l y t i c u s  was p la ce d  in  a s i n g l e  g roup ( I ) .  K i l p p e r  
and S c h le i f e r  (1978) app l ied  DNA-DNA re a s s o c i a t i o n  techniques  to  study 
t h e  r e l a t e d n e s s  b e t w e e n  Pc s a c c h g r o l y t i c u s , c o a g u la s e  n e g a t i v e  
Staphylococcus and c e r t a in  AG+C namely Pc*. p r e y o t i i*  Pc. v a r i a b i l i s *  Pc*
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a s a c c h a r o l y t i c u s . *  Pp.* a e r o g e p e s ,  and P s t*  a n a e r o b i u s .  T h e s e  
i n v e s t i g a t o r s  found t h a t  Pc* sacc£isrjOly£Aeus i s  r e l a t e d  t o  c o a g u la s e  
n e g a t i v e  s t a p h y l o c o c c i ,  ( o v e r  30% homology) w hereas  DMA o f  Pc. 
s acch a ro ly t icu s  did not s i g n i f i c a n t l y  hybr id ize  w i th  those  of the  o ther  
members of  AG->C. In another  ex tens ive  nuc le ic  ac id  r e a s s o c i a t i o n  work, 
using DNA-DNA and DMA-23Sr DM A h y b r i d i z a t i o n  t e c h n i q u e ,  K i l p p e r ,  Buhl 
an d  S c h l e i f e r  (1 9 8 0 )  sho'wed.' t h a t  t h e  h y b r i d i z a t i o n  o f  Pc* 
saccharo ly t i cus wi th  coagulase negative  s taphylococci (S* haemplyticus* 
S-x ep iderm id is .*  £>. c a p i t i s .*  S. hompnis  and £>* w anner i )  gave  t h e  h i g h e s t  
homology va lues  30-35, in d ic a t in g  a r e l a t i o n s h i p  a t  the  genus l e v e l ,  20- 
25% homology was o b t a i n e d  w i t h  £* a u r e u s  and S* c c h n i i ,  w h e rea s  t h e r e  
was no s i g n i f i c a n t  DMA hom ology  v a l u e  ( b e lo w  10%) b e t w e e n  Pp* 
saccha rp ly t icus  and th e  o ther  AG+C t e s t e d  (Pc* p re y o t i i*  Pp. v a r i a b i l i s *  
Pc* asaccharo ly t icus*  Pc. aerogenes and Pst* angerohjus).
•The g e n e t i c  e v id e n c e  s u p p o r t i n g  t h e  r e l a t i o n s h i p  be tw een  Pc* 
s a c c h a r o l y t i c u s  and t h e  g e n u s  S t a p h y l o c o c c u s  was  c o n f i r m e d  by 
comparative o l igonuc leo t ide  cata loguing of 16S rRNA. All s taphylococci 
i n v e s t ig a te d  (S* xylosus* S* haemojvticus,  S* aureus* S. gp iderm id is  ana 
tk s c iu r i )  form a g e n e t i c a l ly  highly r e l a t e d  c l u s t e r  which a l so  included 
Pp. s acch a ro ly t icu s  ( Ludwing e t  a l . ,  1981).
On t h e  b a s i s  o f  t h e  c e l l  w a l l  c o m p o s i t i o n ,  t h e  p h y s i o l o g i c a l  
b e h a v i o u r  and  p h y l o g e n i c  r e l a t e d n e s s ,  i t  i s  c l e a r  t h a t  Pc*. 
s acch a rp ly t icu s  i s  d i s t i n c t  from a l l  o ther  peptococci and r e l a t e d  t o  the  
genus Staphyipcoccus, but d i f f e r s  from coagulase negat ive  s taphylococci  
in  as much as  Pc* saccha ro ly t icus  grows an ae rob ica l ly ,  does not produce 
s i g n i f i c a n t  a m o u n t s  o f  l a c t i c  a c i d  f r o m  t h e  f e r m e n t a t i o n  o f  
c a r b o h y d r a t e s  and p ro d u ces  a c e t i c  a c i d ,  e t h a n o l ,  f o r m ic  a c i d  and CO2 
from the fe rm enta t ion  of glucose.  However the  f a i l u r e  to  produce l a c t i c  
acid  s ep a ra te s  Pc. saccharo ly t icus  from Staphylococcus and S treptococcus  
(Evans, Mattern and Hallam, 1978). I t  i s  noteworthy t h a t  s taphylococci ,  
a n a e r o b i c  and f a c u l t a t i v e  a n a e r o b ic  Gram-pos it ive  cocci a l l  possess  a 
s i m i l a r  % G+C c o n t e n t  (30-40 moles  %) a c c o r d i n g  to  K i l l p p e r ,  Buhl and 
S c h l e i f e r  (1980).
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4. The genus Peptostreptpcpccus
In  t h e  s e v e n th  e d i t i o n  o f  B ergey ’s Manual of  d e t e r m i n a t i v e  
B a c t e r i o l o g y ,  Sm i th  (1957) l i s t e d  13 s p e c i e s  of  AG+C i n  th e  genus  
Peptpstreptococeus (Table 1.6). According to  Pre-vot and F red e t te  (1966) 
these  spec ie s  f a l l  i n to  two genera:  Diplococcus, (conta ining 5 spec ies)  
and S t r e p t o c o c c u s  ( c o n t a i n i n g  8 s p e c i e s ) ,  a s  shown i n  Tab le  1.6. 
Howev e r ,  i n  t h e  c u r r e n t  c l a s s i f i c a t i o n ,  t h e  s p e c i e s  o f  
P e p t o s t r e p t p c p c c u s  were reduced .  Dowel l  and Hawkins (1974) Tab le  1.6 
a n a  1.7 r e c o g n i s e d  f o u r  g r o u p s .  T h e se  a u t h o r s  n o t e d  t h a t  
P e p t o s t r e p t p c p c c u s  £CDC Group 4)a r e  more c l o s e l y  r e l a t e d  t o  t h e  genus 
Streptococcus r a th e r  than Peptpstreptopoccus.  L a te r  Smith (1975) noted 
t h a t  P e p p p s t r e p t p c o c c u s  CDC Group 1 i s  the  same as Peptos trep tpcpccus  
s s a c c h a p p l y t i c u s  and P e p t o s t r e p t p c p c c u s  CDC Group 2 i s  i d e n t i c a l  t o  
Peptpcoccus s accharo ly t icus .  Thus th e  only remaining group in  the  genus 
Pep.tostreptococcus i s  Peptostreptpcpccus CDC Group 3 which corresponds 
c lo se ly  to  the  spec ies  Peptostreptpcpccus anaerobius .
In the  e ighth  e d i t i o n  o f  Bergey’s Manual, Rogosa (1974c), the genus 
P s p t o s t r e p t p c o c c u s  i s  composed o f  f i v e  s p e c i e s  Tab le  1.13: Pst*.
a n a e r o b iu s ^  Pst*. micros*. £££*, p a rv u lu s *  Pst*. p r o d u c t p s  and Pst*. 
l a n c e p l a t u s .  In  a d d i t i o n  t o  t h e  f i r s t  f o u r  s p e c i e s  (Rogosa 1974c),  
Smith included the spec ie s  Pst*. p u t r i a u s  and Streptococcus in te rm edius  
i n s p i t e  of the  f a c t  t h a t  the  l a t t e r  species  produced l a c t i c  ac id  as  main 
end-products  from carbohydrates Table 1.14.
Holde/man,  Cato,  Moore (1977) a l s o  r e c o g n i s e d  t h e  f i r s t  f o u r  
spec ies  described by Rogosa. However the spec ies  Pst*. l a n c e o la tu s  was 
not inc luded in the  c l a s s i f i c a t i o n s  of  Smith (1975) and Holdeman, Cato 
and Moore (1977). Subsequently o ther au thors  (S u t te r ,  Citran,  Finegold 
1980) c l a s s i f i e d  p ep tos t rep tccoce i  s im i l a r ly  to  Holdeman, Cato and Moore 
(1977).
P r o v i s i o n a l l y  t h e  c h a i n - f o r m i n g  Gram-pos i t ive  cocci (Rogosa 1974c 
and Smith 1975) which ferment carbohydrates and do not produce l a c t i c  
ac id  as a major end product from carbohydrates  (Rogosa 197 4c and Holdeman, 
Cato and Moore 1977)a re  d e s i g n a t e d  t o  the  genus  P e p t o s t r e p t p c p c c u s .  
However these  d i s c r im in a t iv e  c r i t e r i a  are  uncer ta in ;  because f i r s t l y ,  as 
has been discussed e a r l i e r  and suggested recen t ly  by Rosenbla tt ,  in_L v*
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t h e  a r r a n g e m e n t  o f  t h e  c e l l s  o f  a n a e r o b i c  c o c c i  i n  t h e  g e n e r a  
Peptpcoccus and P e p tp s t rep tp cp ccu s , t h e r e  i s  c o n s i d e r a b l e  o v e r l a p  and 
t h i s  i s  not a r e l i a b l e  method fo r  separa t ing  these  genera. Secondly in 
the e ig h th  e d i t i o n  of  Bergey’s Manual, Rogosa (1974c) claimed t h a t  the  
s p e c i e s  o f  P e p t o s t r e p t p c p c c u s  a r e  c h em o o r g an o t r o p h ic ;  w i t h  one 
exception,  carbohydrates  a re  fermented w i th  product ion of acid ,  gas or 
bo th .  Th is  a u t h o r  and o t h e r s  (Sm ith  1975; Holdeman, Cato and Moore 
1977; S u t t e r  g t  g l . ,  1980 and R o s e n b l a t t ,  1980) s t i l l  c l a s s i f y  f o r  
example, the  non carbohydrate  fermenting spec ie s  of  Pst* mic r os under 
the  genus  P e p t o s t r e p t p c p c c u s .  However  t h e s e  s t r a i n s  a r e  o f t e n  
i d e n t i f i e d  a s  c u l t u r e s  o f  Pep' tpcoccup magnus. F i n a l l y ,  t h e  s p e c i e s  
Peptos treptpcpccus  parvulus  i s  repor ted  as  l a c t a t e  producing organisms 
(Rogosa, 1974c, Holdeman, Cato and Moore, 1977; S u t t e r  e t  a,X., 1980 ana 
Rosenbla tt  1980) even though Rogosa, (1971a, 1974c) Holdeman, and Moore 
(1974), suggested t h a t  the  l a c t i c  ac id  producing cocci should be placed 
in  the genus Streptococcus.
I t  i s  obv ious  from t h e  p r e v io u s  and t h e  f o l l o w i n g  d i s c u s s i o n ,  a s  
w e l l  a s  s t a t e d  by Rogosa (1974c),  t h a t  t h i s  g roup i s  n o t  a homogeneous 
genus, and needs more study to  c l a r i f y  i t s  taxonomic p os i i ton .
t i<\
4.1 Differenjt ion of the  Species  w i th in  the Genus Pgptps treptpcoccus.
4 . 1 . 1  P e p t o s t r e p t p c p c c u s  a n a e r p b i u s  ( T y p e  s p e c i e s  o f  
Pep tos t rep tpcpccus) : -
According  t o  t h e  c l a s s i f i c a t i o n s  o f  Rogosa (1974c), Smith (1975), 
Holdeman e t  a].., (1977),  S u t t e r  e t  a l . ,  (1980),  and R o s e n b l a t t  (1980) ,  
t h e  s p e c i e s  o f  Ps t* angerpbpus  c h a r a c t e r i z e d  by : The c e l l  a r r a n g ed  i n  
chains.  The colon ies  on blood agar  may be dark or dark grey in  colour .  
The g ro w th  in  pep tone  y e a s t  e x t r a c t  i s  t u r b i d  w i t h  g r e y i s h  g r a n u l a r  
s e d im e n t ,  f o e t i d  odour  and gas  a r e  produced. Most s t r a i n s  a r e  weak 
f e r m e n t e r s  o f  g l u c o s e  and f r u c t o s e .  The s u g a r s ;  m a l t o s e ,  mannose,  
x y lo s e ,  a r e  e i t h e r  n o t  f e rm e n te d  o r  weakly a t t a c k e d ,  b u t  o t h e r  
s u b s t r a t e s  a re  uniform^/ ly  negative.  Some s t r a i n s  l i q u e f i e d  g e l a t i n  and 
reduce n i t r a t e .  Hydrogen su lphide i s  produced (Rogosa, 1974c and Smith 
1975).
4 5
4.1.1.1 Fermentation Products:-
Rogosa no ted  t h a t  t h e  s p e c i e s  P e p t p s t p g p t p c o c c u s  a n a e p p b iu s  
produced a c e t i c  and formic  ac id s ,  e thanol and amines and smal l  amounts 
of  l a c t i c  ac id  in  complex media. Subsequently Holdeman, Cato and Moore 
(1977) o b se rv ed  t h e  f o l l o w i n g  b y p r o d u c t s  from pep tone  y e a s t  e x t r a c t  
glucose by c u l tu r e s  of  Pst* anaerob ius; a c e t i c ,  i so b u ty r ic ,  i s o v a l e r i c ,  
i s o c a p r o i c  a c i d s ,  e t h a n o l  and s m a l l  amounts  o f  l a c t i c ,  s u c c i n i c  and 
pyruvic ac ids .  When'the medium peptone yeas t  e x t r a c t  was supplemented 
by pyruvate a c e t i c  ac id  only was produced by the s t r a i n s  Pst* anaerobi us 
( P s t *  f p e t i d u s )  S m i t h  ( 1 9 7 5 ) .  I t  c o u l d  be c o n c l u d e d  t h a t  Pp:t* 
^  anaerobius ferments  glucose  to  shor t  chain a c id s  v i s  pyruvic acid^/due to  
the presence of pyruvic acid  in  smal l  amounts in  th e  medium supplemented 
by g l u c o s e  and th e  p r o d u c t i o n  of  a c e t i c  a c i d  from p y r u v a te  (S m i th ,  
1975). On the  o ther hand the  presence of  o ther  products  such as amines,  
(Rogosa 1974c), i so b u ty r i c ,  i s o v a l e r i c  and i socap ro ic  Holdeman, Cato and 
Moore (1974) in  t h e  in c u b a t e d  media which when i s o l a t e d  w i t h  Ppt* 
snaejcp^ius i n d i c a t e s  t h a t  these  organisms may ferment o ther  s u b s t r a t e s  
such as arnino acids .
4.1.1.2.  D i f f e r e n t i a t i o n  from other  AG+C:-
On th e  b a s i s  of  t h e  un ique  s u s c e p t i b i l i t y  o f  t h e  s p e c i e s  Ps t* 
g D ig r p b iu s  t o  sodium p o l y a n e t h o l  s u l f o n a t e  (SPS); Graves, Morello and 
Kocka (1974) d i f f e r e n t i a t e d  i t  from o ther  AG+C; a zone of i n h i b i t i o n  of 
g ro w th  (12 t o  18mm or  g r e a t e r )  i s  produced a round SPS d i s k  on an 
incubated anaerobic  blood p la te .
The spec ies  Pst* anaerobius  c lose ly  resembles  the  type spec ie s  of  
the genus Peptpcoccus; Pc. n ig e r  in  c u l t u r a l  c h a r a c t e r i s t i c s  (Smith 1974 
and Wilkins,  e t  a l . ,  1975). However the spec ies  Ppt* anaerobius  d i f f e r s  
from th e  s t r a i n s  £c* n i g e r  i n  t h e  weak f e r m e n t a t i o n  of c a r b o h y d r a t e s ,  
p r o d u c t i o n  o f  i s o c a p r o i c  a c i d  r a t h e r  th an  c a p r o i c  a c i d ,  do n o t  form 
black co lon ies  on blood agar,  even though they may form them in glucose  
a g a r  deeps  (W i lk in s ,  e t  a l . ,  (1975).
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In  t h e  e i g t h  e d i t i o n  o f  Bergey’s Manual,  Rogosa (1974c) combined 
the s t r a i n s  Pst . f o e t id u s ,  Pst*, p u t r idus  and considered them as synonyms 
o f  t h e  s p e c i e s  Ps t*  a n a e r o b i u s ,  w h i l s t  Smi th  (1975) ,  combined t h e  
s p e c i e s  Pst, .  a n a e r o b i u s  and Pst* f c e p i d u s  in  a s i n g l e  s p e c i e s  Pst* 
s n a e r p b i u s ,  b u t  s e p a r a t e d  t h e  s t r a i n s  Ps t*  p u t r i d u s  f rom  Pst. .  
aDSgrpbius .  Tab le  1.14 shows t h a t  th e  c u l t u r e s  o f  P s t .  p u t r i d u s  
d i f f e r  ■ from th o se  o f  Pst . -  a n a e r o b i u s  in  t h a t  th e  fo r m er  f e r m e n t s  
c e l l o b i o s e ,  and produce  i s o b u t y r i c ,  b u t y r i c ,  i s o v a l e r i c  and a c e t i c  
a c i d s ,  w hereas  t h e  l a t t e r  produce  a c e t i c  a c i d  only  from p y ru v a te .  
S m i th ’s v iew (1975) i s  i n '  a g re em e n t  w i t h  th e  f i n d i n g  o f  Rom on d e t  
a l . , 0  966),  who r e p o r t e d  t h a t  bo th  s p e c i e s  o f  P s t .  a n a e r o b i u s  and P s t .  
foe t i d u s have a fGC content of  35.1; wheras Pst* pu t r idus  possessed a £GC 
c o n t e n t  o f  32.3 (Tab le  1.15). However Holdeman, Cato and Moore (1977) 
l i s t e d  n e i t h e r  Ps t* f ' o c t id u s  nor  Psp, p u t r i d u s ,  b u t  r e c o g n i s e d  th e  
spec ies  Pst .  anaerobius.
There  i s  some a g re em e n t  t h a t  t h e  s t r a i n s  o f  P s t .  a n a e r o b i u s  and 
Pst*. f o e t i d u s  a r e  a s i n g l e  s p e c i e s ,  (Romond e t  a l . ,  1 966; Rogosa 1974c 
and Sm i th  1975) ou t  w h e th e r  th e  s t r a i n  Pst* p u t r i d u s  i s  a synonym.of 
Pst,. anaerobius  (Rogosa 1974c) or they are separa te  species  (Smith 1975) 
i s  open to  question .
4.1.2. Pep tos t rep tpcpccus  l a n c e o l a t u s :
Although Rogosa (1974c) in se r ted  the spec ies  Pst,. l a  neeo! a t  us as a 
member of the genus Peptos treptpcpccus ,  unfor tunate ly  no known s t r a i n  of 
t h i s  s p e c i e s  i s  e x t a n t  [up t o  th e  p r e s e n t  (1983) t h e r e  a r e  no r e p o r t s  
c o n ce rn in g  t h i s  s p e c i e s ]  i t s  taxonomic  s t a t u s  t h e r e f o r e  cou ld  n o t  be 
o b jec t iv e ly  evaluated.  The species  conta in  l a rge  ovoid c e l l s  1.2 to  1.4 
juk in d iamete r  with  pointed ends, arranged in chains.  The c u l t u r e s  o f  
Pst .  l a n ceo la tu s  were d is t ingu ished  from those of Pst* anaerobius  on the  
production of propionate  from threonine,  fe rm en ta t ion  of sucrose and do 
no t  produce  Hp. However P s t .  l a n c e o l a t u s  p o s s e s s e d  a %G+C c o n t e n t  o f
32.2. which i s  s i m i l a r  to  t h a t  o f  Pst* p u t r i d u s ,  bu t  d i f f e r  from t h e  
spec ies  of  Pst. anaerobius  and Pst* fo e t id u s  which posses a 5G-~C content  
o f  35.1 (Romond e t  s i . .  1966) Table  1.15.
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4.1.3 Pep tos t rep tpcpccus  micros: -
In  t h e  e i g h t h  e d i t i o n  o f  Bergey’s manual ,  Rogosa (197Me)described 
the  o rgan ism  Pst* m ic r o s  a s  be ing  a l a c t i c  a c i d  producer  (50-90% of  
s t r a i n s  produce  l a c t i c  a s  a m ajo r  p r o d u c t ) ,  w h i l s t  Holdeman, Cato and 
Moore (1977) repor ted  t h i s  c u l tu r e  as  being l a c t a t e  negat ive or a t  most 
weakly  p o s i t i v e .  The l a t t e r  a u t h o r s  d i f f e r e n t i a t e d  Ps t*  micpos  from 
Pst*. a n a e r o b i u s  p r i m a r i l y  w  th e  i n a b i l i t y  of  t h e  fo r m e r  t o  u t i l i s e  
carbohydrates  and o ther  su b s t r a te s ,  and t o  produce a c e t i c  ac id  only as  a 
v o l a t i l e  a c id  end-product from peptone y eas t  e x t r a c t  glucose  media. The 
lo g i c a l  s epa ra t ion  of  these  spec ies  i s  j u s t i f i e d  by £G+C content (Romond 
e t  a^ . ,  1966); Ps t*  m ic ro s  p o s s e s s e d  a pG+C c o n t e n t  o f  2 8 .3 , w h e rea s  
t h a t  o f  P s t .  a n a e r o b i u s  i s  35.1 (T ab le  1.15).
Nevertheless  the  spec ies  o f  Pst* micros and £c* magnus are  somewhat 
d i f f i c u l t  t o  s p l i t  on The b a s i s  o f  t h e  c o n v e n t i o n a l  c h a r a c t e r i s t i c s  
ascr ibed  by Holdeman, Cato and Moore (1977), Holand, H i l l  and Altemeier 
(1977),  R o s e n b l a t t  (1980) and S u t t e r ,  e t  a l . ,  (1980).  Because  o f  t h i s ,  
Pst,. micros and Pc* magnus are often  separa ted  by microscopic  examinat ion 
t o  d e t e r m i n e  r e l a t i v e  d i f f e r e n c e s  i n  t h e  c e l l  s i z e ,  (£ s t*  m ic r o s  a r e  
sm a l l  s p h e r e s  0.3 t o  0.5 4 m in  d i a m e t e r ,  w h i l e  Pc. magnup a r e  l a r g e  
s p h e r e s  1 t o  2 jam in  d i a m e t e r ,  (Holdeman ej: §2 . ,  1977, H o l land  ej: a2 . ,  
1977 and Rosenbla tt  1980), which i s  perhaps the  most u n r e l i a b l e  method 
f o r  a n a e r o b e s ( B a r n e s , 198O), s i n c e  t h e r e  a r e  many f a c t o r s  which  a f f e c t  
the  c e l l  s i z e  of b a c t e r i a  such  a s  th e  k ind  o f  media used  t o  grow them 
Hare e t  a2 . ,  (1954).
4.1.4 Peptos trep tpcpccus  p a rvu2us
The DMA homology of the  genus Peptostreptpcpccus was determined by 
Romond (1966) Tab le  1.15. The 3G+C c o n t e n t  o f  bo th  s p e c i e s ;  Ps t*  
parvu2us and Ps t .  productus was 44.0 which i s  d i s t in g u i s h a b le  from the  
o t h e r  members o f  the  genus  in  g e n e r a l  and to o  h ig h  from t h a t  o f  t h e  
s p e c i e s  P s t .  m ic rp s  (28.3).  Such d i s s i m i l a r i t y  in  t h e  g e n o p h e n e t i c  
p ro p e r t i e s  led  Romond (1966) to  propose the combination of the  s t r a i n s  
o f  P s t .  p a rv u 2 u s  and Pst* p r o d u c tu s  in  a s o l e  s p e c i e s  and t o  s e p a r a t e  
them from those of  Pst .  micrps, as well  as  the o ther  pep tos t rep tococe i .  
However t h e  d i s c r i m i n a t i v e  scheme rep re sen ted  by Rogosa (1974c) Table
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1.13 show ed  c e r t a i n  a g r e e m e n t s  w i t h  t h e  r e s u l t s  o f  Romond’ s 
c l a s s i f i c a t i o n  in  t h a t  c u l tu re s  o f  Pst.  parvulus  are  r e a d i ly  separa ted  
from Pst* micros on the  b a s i s  of  the  fe rm en ta t ion  of  glucose  and l a c t o s e  
by the former organism. I n s p i t e  of these  Rogosa ( 1 9 7 suggested these  
o r g a n i s m s  (Pst*  p a r v u l u s ,  and P s t .  m ic rp s )  a r e  very  s i m i l a r  i f  no t  
s t r a i n  v a r i a n t s  of each other due to  the product ion o f  l a c t i c  ac id  a s  a 
major product from carbohydrates  by both species.
Much of these  confusions were resolved l a t e r  by Holdeman, Cato and 
Moore, (1977) who s t a t e d  t h a t  Pst*. m ic r o s  s p e c i e s  i s  n o t  a l a c t i c  a c id  
p ro d u c e r ,  w h i l s t  Ps t*  p a o u l u s  produce  l a c t i c  a c i d  a s  a s o l e  major  
p ro d u c t  from t h e  f e r m e n t a t i o n  o f  g l u c o s e .  In  a d d i t i o n  t h e  s t r a i n s  o f  
Pst* p a r v u l u s  showed t h e i r  a b i i t y  t o  f e r m e n t  c e r t a i n  c a r b o h y d r a t e s  
r a t h e r  th a n  g lu c o s e  and l a c t o s e  (Rogosa 1 974c);  C e l l o b i o s e ,  f r u c t o s e ,  
m a l t o s e ,  and mannose. The f o l l o w i n g  were  n o t  a t t a c h e d ;  a r a b i n o s e ,  
am ygda l in ,  rnannitoT, m e l i b i o s e ,  r a f f i n o s e , r i b o s e ,  s o r b i t o l ,  s u c r o s e ,  
s t a r c h ,  a e s c u l i n  and m i lk .  I n d o l e  and c a t a l a s e  were n o t  p roduced.  
G ela t in  l i q u i f a c t i o n  was repor ted  t o  be negative(Holdeman e t  a l . ,  3977) 
However Rosenbla tt  1980 (Table 1.11) repor ted  t h i s  t e s t  i s  p o s i t i v e  fo r  
the  organism Pst* parvulus .
Again i n s p i t e  of t h e  f a c t  t h a t  t h e  s p e c i e s  P s t .  p a r y u l u s  i s  a 
l a c t i c  ac id  producer,  i t  i s  s t i l l  genera l ly  considered to be a member of 
th e  genus P e p t o s t r e p t p c p c c u s  and n o t  a S t r e p t o c o c c u s  (Rogosa,  1974c; 
Sm i th ,  1975 ; Holdeman e t  a l . ,  1977 ; S u t t e r  e t  a^ . ,  . 1980 and 
Rosenbla tt  1980). never the le ss  these  au thors  a re  in  agreement t h a t  the  
organism Pst.  pgrvulus  i s  seldom encountered e i t h e r  in  human m ic ro f lo ra  
or in c l i n i c a l  specimens.
4.1.5 Peptostreptpcpccus p r o d u c t u s
The c e l l s  o f  t h e  s p e c i e s  Pst* p r o d u c t u s  a r e  e x t r e m e ly  v a r i a b l e  
Sm i th ,  (1975);  " m o r p h o lo g ic a l ly  some be ing  s p h e r i c a l ,  and some be ing  
elongated i n to  rods much resembling eubac te r ia .  i t  i s  common to  f in d  so 
marked a mixture of rods  and cocci t h a t  one may be almost c e r t a i n  t h a t  
s e v e r a l  a r e  p r e s e n t ,  only t o  d e c id e  a f t e r  a s e r i e s  o f  s i n g l e  co lony 
pickings ,  t h a t  the c u l tu re  was pure", usually  0.7 to  1.2 jura in d iam eter
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(Rcgosa* 1974c) occurr ing  in  chains .  This organism i s  l i k e  the  s t r a i n s  
Ps;U parvulus  in  i t s  a b i l i t y  t o  ferment carbohydrates.  In a d d i t io n  to  
t h e  s u b s t r a t e s  u t i l i z e d  by P s t .  p a r v u l u s ;  Ps t*  p r o d u c t u s  f e r m e n t s  
amygdalin, a rab inose ,  mannito l ,  mel ib iose ,  r a f f i n o s e ,  rhamnose, r ibose ,  
s s l i c i n ,  s o r b i t o l ,  s u c r o s e ,  t r e h a l o s e ,  and x y lo s e ( R o g o s a , 1974c and 
Holdeman, e t  a l . ,  1977).
5 1
5. The Anaerobic Streptococci
The main c h a r a c t e r i s t i c  which s ep a ra te s  the  anaerobic members of  
the genus Strep tococcus and the spec ies  of  Peptos treptpcpccus  parvul u s  
from other  ACh-C a s  discussed e a r l i e r  i s  the  production of  l a c t i c  ac id  as  
the  major product of the  fe rm en ta t ion  of glucose (Rogosa 1971a; Holdeman 
and Moore 1974; S m i th  1975 and Holdeman, Cato and Moore 1977). The 
f a i l u r e  o f  Ps t .  parvulus  s t r a i n s  to  ferment sucrose s p l i t s  them from the  
spec ies  of Streptococcus,  (Holdeman, Cato and Moore, 1977).
F o r t u n a t e l y  the  d e f i n i t i v e  s tudy on t h e  morphology,  c u l t u r e a l  
b io c h e m ic a l  p r o p e r t i e s ,  and taxonom ic  p o s i t i o n  o f  t h e  a n a e r o b i c  
s t r e p t o c o c c i  was r e p o r t e d  by Holdeman and Moore (1974). From th e  
r e s u l t s  of t h i s  i n v e s t ig a t i o n  these  au thors  designated neotype spec ies :  
S t r *  i n t e r m e d i u s  (ATCC 27335 = VPI 3372 = P r e v o t  1 8 7 7 ) ;  
e o n s t p l l a t u s  (ATCC 27823 = VPI 3810 = P r e v o t  4055);  S t r*  m p rb i l lp g u m  
(ATCC 27824 = VPI 5424 = P r e v o t  2917B) and t h e  type  s t r a i n  o f  Stp* 
h a n s e n i i  (ATCC 27752 = VPI C7-24).  The l a t t e r  s p e c i e s  w i l l  n o t  be 
i n c l u d e d  i n  t h i s  s tudy  s i n c e  i t  was no t  i s o l a t e d  from human c l i n i c a l  
m a t e r i a l .  How-ever t h i s  s p e c i e s  f e r m e n t s  l a c t o s e ,  u n l i k e  S££. 
c p n p t e ^ i a t u p  and S t r^  n j p r b i l l p c u g ,  and does  n o t  f e r m e n t  c e l l o b i o s e ,  
unl ike  S t r .  in te rmedins .
5.1 Strep tococcus internjedius :
The f i r s t  d e s c r i p t i o n  o f  Stpa. ip t e p m e d iu p  was a d m i t t e d  by P r e v o t  
(1925) ,  a s  be ing  s t r i c t l y  an ae ro b e ,  o c c u r r e d  i n  ve ry  long  c h a i n s ,  d id  
n o t  produce  e i t h e r  gas  nor  f o e t i d  odour ,  0.6 -  0.7 urn in  d i a m e t e r ,  
a c i d i f i e d  and c o a g u la t e d  m i lk ,  produced s t r o n g  a c i d  from g l u c o s e ,  
f ru c to se ,  g a lac to se ,  maltose and l a c to se  and did not l i q u i f y  g e l a t i n .
On th e  b a s i s  o f  morphology, f e r m e n t a t i o n  of  c a r b o h y d r a t e s  S m i th  
(1957) in th e  7 th  ed. of Bergey’s Manual of Determinat ive Bac te r io logy ,  
placed the spec ie s  of  £tp.  in te rmedius  in  the genus Peptos treptpcpccus.  
Most of t h i s  c l a s s i f i c a t i o n  was based on Prevot’s study. Rogosa (1974c) 
i n  t h e  8 th  ed. o f  B ergey’s Manual r e c o r d e d  t h a t  S tp .  ( P s t . )  i n t e r m e d i u s  
might be a s t r a i n  v a r i a n t  of Pst .  evolutus .  Because these  spec ie s  were 
p r i m a r i l y  s a c c h a r o l y t i c  and  grew a e r o b i c a l l y  a f t e r  s e v e r a l
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s u b c u l t u n i n g s ,  and produce  l a c t i c  a c i d  a s  a ' m a j o r  p r o d u c t  from 
carbohydrate fe rmenta t ion ,  he excluded the spec ie s  S t r .(Ps t )  i n t e r med ius  
from t h e  genus P e p t o s t r e p t p c p c c u s ,  and recommended t h a t  t h i s  s p e c i e s  
should  be c l a s s i f i e d  a s  a member o f  th e  genus  S t r e p t o c o c c u s .  In  th e  
r  Holdeman and Hcore (1974) i s o l a t e d  s t r a i n s  of  § t r y. i n t ermedius  
m human c l i n i c a l  spec im ens  and from f a e c e s ,  and p roposed  t h e i r  
c l a s s i f i c a t i o n  in to  the genus Streptococcus.  According to  Holdeman, and 
Moore (1 9 7 4 )  and H o ldem an ,  C a to ,  and  Moore (1 9 7 7 )  t h e  m a in  
c h a r a c t e r i s t i c  f e a t u r e s - t h M c h  d i s c r i m i n a t e  t h e  c u l t u r e s  o f  S t r .  
in te rmpdius  from the o ther  anaerobic  s t r ep to co cc i  a re  the  f e rm en ta t ion  
of l a c to se  and t h e i r  a b i l i t y  to  c l o t  milk.
5.2 Streptococcus c p n s t e l l a t u s : -
In 1925 Prevot observed t h a t  an organism formed s a t e l l i t e  co lon ie s  
around a l a r g e  c e n t r a l  co lony in  deep ag a r .  S u b se q u en t ly  he named i t  
S t r e p t o c o c c u s  c p n s t e l l a t u s .  In a d d i t i o n  he repor ted  t h e i r  morphology 
and biochemical behaviours (occurring in p a i r ,  t e t r a d s ;  r a r e ly  in  very 
s h o r t  c h a i n s ,  never  in  c l u s t e r s ,  and p ro d u c in g  a c i d  from g l u c o s e ,  
a r a b i n o s e  and g l y c e r o l ) .  On th e  b a s i s  o f  P r e v o t ’s d e s c r i p t i o n ,  
morphology ana fe rmenta t ion  of  a v a r i e ty  of organic  compounds), Douglas 
(1957) and Rogosa (1974b) and Smith (1975) -  Table 1.4 and 1.16 -  placed 
S t r .  ( Pc.) c p n s t e l l a t u s  in  t h e  genus  P ep tp co ccu s  a l t h o u g h  t h e  l a t t e r  
a u th o r  p o i n t e d  o u t  t h a t  th e  n i t r o g e n  m e ta b o l i sm  i s  no t  known, and i s  
a b l e  t o  u t i l i z e  c a r b o h y d r a t e s .  However, he s t a t e d  t h a t  no s a t e l l i t e  
co lonies  were observed and a pos i t iv e  arabinose  and a negative  t r e h a lo s e  
f e r m e n t a t i o n  [ a s  r e p o r t e d  by P r e v o t  1925, P r e v o t  and F r e d e t t e  1966, 
Douglas 1957] a r e  in  e r r o r .  These comments a r e  i n  a g re em e n t  w i t h  t h e  
observat ions  of Hare (1967) and Holdeman and Moore (1974). Most of  t h i s  
confusion was solved by the l a t t e r  au thors  who c l a s s i f i e d  t h i s  organism 
as  a member of  t h e  genus S t r e p t o c o c c u s  due to  t h e  p r o d u c t i o n  o f  l a r g e  
amounts of l a c t i c  acid.  However spec ies  of  802% c p n s t e l l a t u s  resembled 
the  other anaerobic  s t rep to co cc i  (S tr .  in te rmedius  and Strp morbil lprum) 
in  t h e  f e r m e n t a t i o n  o f  g lu c o s e ,  m a l t o s e ,  and s u c r o s e .  The fa i lu re  o f  
S t r .  c p n s t e l l a t u s  c u l tu r e s  to  ferment l a c to se  sep a ra te s  them from those  
of Strv intermedius .  The u t i l i z a t i o n  of s a l i c i n  ana the h y d ro lys i s  of 
a e s c u i i n  by s t r a i n s  o f  Str*. c p n s t e l l a t u s  s p l i t  them from th o s e  o f  St*. 
L lSrb i l lo rum  (Holdeman and Moore, 1 974 ana Holdeman, Cato and Moore,
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5.3 Strep tococcus morbii lorum:
P r e v o t  (1933) c l a s s i f i e d  k tp .  (Dipfococcus) ipprbjillprum i n to  the  
genus Diplpcoccus owing to  t h e i r  morphology. Other taxonomis ts  did not 
s h a r e  Pre 'vot’s c l a s s i f i c a t i o n .  Smith (1957) p#4ced t h i s  organism in to  
th e  genus  P e p t o s t r e p t p c o c c u s  on th e  b a s i s  t h a t  i t  formed s h o r t  c h a i n s  
and r a re ly  occurred in  masses. Hoideman and Moore (1972a) placed i t  in 
the genus Peptococcus. w h i l s t  Rogosa (1974b) considered the spec ie s  of 
S t r .  morbillprpra as spec ies  i n s e r t a e  sed is ,  because i t s  c u l tu r e  was not 
a v a i l a b l e  and t h e i r  d e s c r i p t i o n  was poor and based  on an u n a c c e p t a b l e  
method. L a t t e r  Hoideman and Moore (1974) o b t a i n e d  and d e s i g n a t e d  a 
neo type  s t r a i n  o f  Stp*. mp£ b i l l  op urn (ATCC 27824).  They gave f u l l  
d e s c r i p t i o n  o f  fcbis o rgan ism  and p l a c e d  Stp* m ppb i i lp rum  in  t h e  genus  
Streptococcus  in compliance w i th  the  recommendation of  Rogosa (1971).
The i n a b i l i t y  of  t h e  c u l t u r e s  o f  Str±  jn p rb i l lo run i  t o  f e r m e n t  
l a c to se  or hydrolyse aescu l in  s epa ra te s  them from the o ther  anaerobic
a
s t r e p t o c o c c i  (Holdenjjn and Moore 1974 and Holdernan, Cato and Moore 
1977).
5 5
6. I&e Genus Sarcina
6.1 Sapping v e n t r i e u l i
M o r p h o lo g ic a l ly  t h e  c e l l s  o f  S a r c i n a  y e n l r i p u l i  a r e  l a r g e  and
s p h e r ic a l  (1.8 -  2.4pm in  diameter)  occurr ing  in packets.
On the  b a s i s  of biochemical t e s t s  Sarc ina y e n t y r i c u l i  d i f f e r s  from 
members of  th e  genus  Pep tppoccus  ana n o n - s a c c h a r o i y t i c  s p e c i e s  o f  
Peptps treptpcoccus  (Psp* anaerobius ,  and Psp. micrpp) in i t s  a b i l i t y  to  
f e r m e n t  c a r b o h y d r a t e s  i n c l u d i n g  f r u c t o s e ,  g l u c o s e ,  l a c t o s e ,  m a l t o s e ,  
manncse, meiezi tose ,  r a f f i n o se ,  s a l i c i n ,  sucrose,  d ig e s t io n  of  milk and 
h y d r o l y s i s  of  a e s c u l i n .  (Srnit  1930, 1933; Breed and S m i th ,  1957; 
Csnale-Parola and Wolfe 1960; Rogosa 1974e and Holdeman, Cato and Moore, 
.1977). The f a i l u r e  to  fe rment  c e l k b i o s e  s e p a r a t e s  S a r c i n a  y e n t p i p u l i  
from the  sacch a ro ly t ic  s t r a i n s  of Peptostpgptocopcus (Est*. pa ryu lus and 
Pst*. ppo d u p tu s ) .  The p r o d u c t i o n  of  a c i d  from l a c t o s e ,  m e i e z i t o s e ,  
r a f f i n o s e  and m i lk  s e p a r a t e s  t h e  c u l t u r e s  o f  Sapc ina  y e n t r i c u l i  from 
t h a t  o f  Gaffkya anaerobia .  (Holdeman, Cato and Moore 1977). The spec ie s  
Sarc ina  v e n t r i e u l i  does not produce l a c t i c  ac id  from carbohydra tes  which 
d i f f e r e n t i a t e s  i t  from the spec ie s  of Streptocoppgs.
The d e s c r i p t i o n  o f  Sapping y p p t r i c u ^ i  G oods i r ,  (1842) and t h e
observa t ions  of bu ty r i c  and l a c t i c  ac id  in  the presence of c u l tu r e s  of  
S a r c i n a  y e n t p i p u l i  in  t h e  v o m i t in g  m a t e r i a l  (H a s s a l ,  1853) a s  w e l l  a s  
the  i s o l a t i o n  of these  organisms from s o i l  and human stomach (B e i je r inck  
1905, 1911) led Srnit (1930) t o  study the  s t r a i n s  Sarc ina  vent r i e u l i  and 
Sarcina maxima. However, the  l a t t e r  spec ie s  has not been i s o l a t e d  from 
c l i n i c a l  specimens s ince  Srnit (1930) i s o l a t e d  i t  from cerea l  g r a in s  such 
a s  w hea t ,  o a t ,  r i c e  and rye .  On th e  b a s i s  o f  th e  p r o d u c t s  o f  t h e  
f e r m e n t a t i o n  o f  g lu c o s e ,  and t h e  p re s e n c e  of  c e l l u l o s e  i n  t h e  c e l l  
w a l l s ,  Smith (1933) separa ted the two sarc inae .  Sarc ina (Zymosprcilia) 
v e n t r i e u l i  fermented glucose to  ethanol and CO2 as  major products  and 
smal l  amounts of  formic ac id ,  whereas Sarc ina mapima produced b u ty r i c  
a c i d .  L a t e r  t h e s e  f i n d i n g s  was co n f i rm e d  (Bauchop and Dawes, 1959; 
Canale-Parola and Wolfe 1960; Kupfer, and Canale-Parola 1967, 1968; and 
Crowther 1971).
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Canale-Parola and Wolfe (1960) found t h a t  the  c u l tu r e s  o f  Sarc ina 
v e n t r i e u l i  f e rm e n te d  g l u c o s e  w i t h  p r o d u c t i o n  o f  H2 , CO2 , e t h a n o l ,  
a c e t i c ,  l a c t i c  ac id s  and t r a c e s  ace to in ,  w h i l s t  Canale-Parola,  Kupfer, 
(1968) and Kupfer ,  C a n a le - P a r o l a  (1967) r e p o r t e d  t h a t  SarcjLrja rna^lgia 
produced H9 , OO2 , butanol,  a c e t i c ,  l a c t i c ,  bu ty r i c  and formic  ac id s  and 
the  pH of the  fermented glucose  medium was 4.5. Both spec ie s  produced 
pyruvic ac id  as  in te rm ed ia te  products ,  which i s  degraded t o  formic  acid.  
The l a t t e r  p ro d u c t  was c o n v e r t e d  t o  CO2 and (Kupfer and C an a le -  
P a r o l a  1967; 1 968 and Bat tchop and Dawes 1 95 9 ) .  H ow ever  t h e
d i f f e r e n t i a t i o n  o f  Sarcina maxima and Sarc ina yen tr icu l j , ,  which depends 
on t h e  d e t e c t i o n  o f  end p r o d u c t s  a lo n e  i s  n o t  c l e a r  c u t ,  b ecau se  t h e  
l a t t e r  s p e c i e s  was r e p o r t e d  t o  produce  b u t y r i c  a c i d  from t h e  p ep to n e  
yeas t  e x t r a c t  glucose  medium. (Holdeman, Cato and Moore 1977).
In  t h e  7 t h  o f  B ergey’s Manual Breed and S m i th  (1957) r e c o r d e d  t h a t  
the  only two spec ies  which were capable of u t i l i s i n g  sugars  a r e  Sarc ina  
v e n t r i e u l i  and Sarc ina  ma^img and the  main d i f f e r en ce  between them i s  
t h a t  the  former s t r a i n  has an e x t r a c e l l u l a r  c e l l u l o s e - p o s i t i v e  r e a c t io n  
w i th  Schultze*s reagent  (an aqueous so lu t io n  of  ZnC^,  KI and I 2) which 
s t a i n  t h e  c e l l s  o f  S a r c i n a  v e n t r i e u l i  red  t o  v i o l e t .  T h i s  s e p a r a t i o n  
depended on the  observat ion  of Smith (1933) and confirmed w i th  Canale- 
Parola and Wolfe (1960) who p u r i f i ed  a m a te r ia l  l i k e  c e l l u lo s e  from the  
c e l l s  o f  Sarcina  v e n t r i e u l i  which s ta ined  red to  v i o l e t  w i th  Schu l tz ’s 
r e a g e n t .  L a t e r  th o s e  a u t h o r s  in  1964 r e p o r t e d  t h a t  t h i s  m a t e r i a l := 
accounted fo r  up to  1955 of the  t o t a l  dry weight of the c e l l s  o f  Sarc ipa  
vent r i e u l i .  In c o n t r a s t  Delaporte (1957) found t h a t  a s t r a i n  o f  Sarc in a  
v e n t r i e u l i  d id  n o t  e x h i b i t  t h e  c o lo u r  r e a c t i o n  f o r  c e l l u l o s e  and t h a t  
the  examination of the  c e l l s  by in f r a r ed  spectroscopy gave no evidence 
f o r  iifeis p o l y s a c c h a r i d e .  However t h e s e  f i n d i n g s  a r e  n o t  s u r p r i s i n g  
since  s t r a i n s  of Sarcina v e n t r i e u l i  conta ining e i t h e r  r e l a t i v e l y  smal l  
q u a n t i t i e s  of c e l l u lo se  (Canalu-Parola, and Wolfe 1964) or no d e te c t a b l e  
c e l l u l o s e  have been o bse rved  (Hol t  ana C a n a l e - P a r o l a ,  1967) u n l e s s  a 
very  s o p h i s t i c a t e d  method was used. However t h e  l a t t e r  a u t h o r s  used  
e lec t ro n  and p h ase -cen t ra s t  microscopy and found t h a t  the  two organismspta
d i f f e r  main ly  w i t h  r e s p e c t  t o  t h e i r  c e l l  s u r f a c e .  The cyt^jsm o f  bo th  
o r g a n i s m s  c o n t a i n s  i n c l u s i o n s  . s i m i l a r  t o  p o l y s a c c h a r i d e  and  
polymetaphosphate granules.
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7. The Fermenta tion o f  Amino Acids by AG+C
7.1 Peptococcus g lv c inoph i lus
Cardon and B ark e r  (1946) i s o l a t e d  Pc.  (Micrococcus) g lvc iqoph i lus  
from black mud, and they observed t h a t  t h i s  organism was able  to  u t i l i z e  
g l y c i n e  on t h e  b a s i s  o f  t h e  f o r m a t i o n  o f  ammonia,  a c e t i c  a c i d ,  and 
carbon dioxide  in  a medium supplemented w i th  g lycine .  In another paper 
Cardon and B a r k e r  (1947) r e p o r t e d  t h a t  s e r i n e  and p y r u v a t e  w ere  a l s o  
fermented by c u l tu r e s  o f  Pc* g lv c in o p h i lu s : in  the  presence of g lyc ine .  
Decompositon of the  t e s t e d  substances  was ind ica ted  by gas or ammonia 
production in  excess of the  amount formed fo r  g lycine .  However v a r i a b l e  
amounts  o f  H2 were  r e l e a s e d  in  a d d i t i o n  t o  CO2 . S u b s e q u e n t ly ,  S a g e r s  
and G u n sa lu s ,  (1961) and K le in  and S a g e r s  (1962) p roposed  a s equence  
pathway f o r  t h e  f o r m a t i o n  o f  a c e t a t e  and C02 from g l y c i n e ,  v i a  s e r i n e  
and pyruvate in  severa l  s tep s  as  summarized Fig 1.
The f i r s t  involves  the  ox ida t ive  cleavage of g lyc ine  t o  one-carbon 
u n i t s  w i t h  t h e  a l p h a  c a r b o n  o f  g l y c i n e  b e i n g  t r a n s f e r r e d  t o  
t e t r a h y d ro fo la t e .  The carboxyl carbon of  g lyc ine  i s  re leased  as  C02.
The second s tep  i s  the  condensation of the  a c t i v e  one-carbon u n i t  
w i t h  a second m o le c u le  o f  g l y c i n e  t o  form s e r i n e .  Th is  r e a c t i o n  i s  
cata lyzed by the  enzyme se r in e  a ldolase .
The t h i r d  s tage  i s  deamination of  se r in e  to  pyruvate by the  enzyme 
se r in e  dehydrase .
The fourth  step  i s  the conversion o f  pyruvate to a c e ty l  u n it s ,  in  
which the enzyme phosphotransacetylase c a r r ie s  out the tra n sfer  of  
a c e ty l  u n its  from a c e ty l  phosphate to CoA to  form a c e ty l  CoA and the  
la t te r  i s  converted to acetyl phosphate.
The f i n a l  s t e p  i n  t h e  a c e t o k i n a s e  r e a c t i o n  in  which  a c e t y l  
p h o sp h a te  t o g e t h e r  w i t h  a d en o s in e  d i p h o s p h a t e ,  y i e l d s  a c e t a t e  and 
a d e n o s in e  t r i p h o s p h a t e .  This  sys tem  r e p r e s e n t s  t h e  m a j o r - e n e r g y -  
y ie ld in g  r e a c t io n  in  the conversion of g lyc ine  to  a c e ta t e  by the  sp ec ie s  
P,c. g lv c in o p h i lu s .
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7*2 Ppptococcus aerogen.es
Whiteley (1952) reported th a t  Pc. aerogenes fermented threonine,  
serine, glutamic acid and h istid ine, whereas glycine was not attacked.
Serine i s  degraded to ammonia, C02 , H2 , and acetic  acid. Threonine 
i s  fermented to ammonia, C02, H2 and propionate. Glutamate i s  u t i l ized  
to  ammonia, C02 , H2 , a ce ta te  and buty rate. H is t id in e  i s  fermented to  
ammonia, C02, acetate, butyrate, lactate , and traces of formate.
W h ite ley  (1957) ,  and W h i te ley  and Ordal  (1957) o ^e rv ed  t h a t  
pyruvate i s  an in te rm ed ia te  product from the  fe rm en ta t ion  of  s e r in e  by 
spec ies  of  aerogenes . w h i l s t  a - k e t o b u t y r i c  acid  i s  an in t e rm e d ia te  
byproduct from the u t i l i z a t i o n  of threonine  by t h i s  organism, s ince  the  
c u l t u r e  o f  Pc.  a e ro g e n e s  deg raded  p y r u v a t e  e n t i r e l y  v i a  o x i d a t i v e  
decarboxyla tion in to  C02, H2 and ace ta te .  They suggested t h a t  an enzyme 
l a c t i c  dehydrogenase  i s  in v o lv e d  in  t h i s  r e a c t i o n ,  becau se  t r a c e s  o f  
l a c t i c  and b u t y r i c  a c i d s  were  d e t e c t e d  i n  i n c u b a t e d  media .  « -  
k e t o b u t y r i c  a c i d  was f e rm e n te d  by Pc. a e r o g e n e s  i n t o  C02 , H2 , and 
propionic a c id .
Horler et a l., (1966) confirmed the fermentation of glutamic acid 
by Pc* aerogepes.. Their resu lts  showed that about 70% of glutamic acid 
was converted to v o la t i le  materials (acetic and butyric acids) rrd C02 
and 30% was converted to non v o la t i le  soluble substances. About 70% of  
the la b e l le d  carbon in p o s it io n  1,2 and 3,4 of g lutam ic acid gave r i s e  
to acetic acid and that of free carboxyl group (carbon 5) was converted 
to C02 whereas radioactive glutaconic acid was isolated from reaction  
mixture in  which Pc. aerogenes fermented glutam ic acid. However the
t* .
c e l l s  of Pc* aerogenes u t il ized  gluconic acid with production of acetic  
acid. Speculation suggests that JPg* aerogenes fermented glutamic acid
'bK
by glijbonic acid  pathway, which y i e ld s  crotony 1-coenzyme A. Crotonic 
a c i d  as  coenzyme A d e r i v a t i v e ,  can be c o n v e r t e d  t o  a c e t i c  and b u t y r i c  
ac ids .
Johnson and Westlak (1969) proposed a pathway for  the  matabolism of  
g l u t a m i c  a c i d  t o  a - h y d r o x y - g l u t a m i c  a c i d  by c e l l  f r e e  e x t r a c t s  o f  Pc. 
a e r o g e n e s . In  t h i s  c o n v e r s io n  t h e  o rgan ism  o x i d a t i v e l y  dea*m*<x*es
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glutamic acid and then reduces the a-keto acid to a-hydroxy acid. This 
i s  a more reasonable hypothesis since glutamic dehydrogenase i s  known to 
be NAD-dependent, and agrees with the f in d in g s  o f  Kew and Woolfolk  
(1970), who extracted and purified  glutam ic dehydrogenase (conta in ing  
10# of the t o ta l  protein) from the c e l l s  o f  Pc» aerogenes. LerudeLand
cj\<A'T0orY\a.re. V\O.S
Whiteley (1971) found t h a t  £c* aerogenes grow in  media con ta in ing^high  
l e v e l s  of  both g lutamate  dehydrogenase, and a - k e t o g l u t a r a t e  reduc tase .  
These enzymes enable  the c e l l s  o f  J£c* aerogenes to  degrade g lu tam ate  to  
a - k e t o g l u t a r a t e  and th e n  t o  a - h y d r o x y g l u t a r a t e :  a - h y d r o x y g l u t a r a t e  
c a t a l y s e s  t h e  r e v e r s i b l e  r e d u c t i o n  o f  a - k e t o g l u t a r a t e  t o  a -  
h y d r o x y g l u t a r a t e  in  t h e  p r e s e n c e  o f  reduced  n i c o t i n a m i d e  a d e n in e  
d in u c leo t id e  (NADH).
Johnson and W estlake  (19tf$) a l s o  i s o l a t e d  g lu ta m ic  a c id  
dehydrogenase and a -k e to g lu ta r ic  acid  was reduced from the c e l l - f r e e  
preparation of aerogenes. The former catabolize glutamic acid to a -  
ketoglutaric acid in the presence of NAD by oxidative deamination. « -  
k e to g lu ta r ic  acid i s  reduced in to  a-hydroxyglutarate by the enzyme a -  
ketoglutaric reductase in the presence of NADH.
Later the pathway of glutam ic acid ferm entation to  a c e ta te ,  
butyrate, CO2 and ammonia by hydroxyglutarate pathway was postu la ted  
(Buckel and Barker 1974) as shown in Fig. 2. However, they noted th a t  
neither glutacony1-CoA nor crotonyl CoA has been id e n t i f i e d  as  
intermediates in their experiments.
7.3 Peptococcus p r e v o t i l
Whiteley (1957) noted t h a t  £c* p r e v o t i i  was ab le  to  ferment pu r ines  
and a l i m i t e d  number of  amino a c i d s  and o r g a n i c  a c i d s  a l t h o u g h  
exper imenta l  r e s u l t s  were presented only fo r  J£c* aerogenes.
I t  was not u n t i l  1974 th at Bently and Dawes reported that washed 
suspensions o f  Pc* p r e v o t i i  ca tab o lized  threonine and se r in e  w ith  
release of H2 , CO2 pyruvate and a-ketobutyrate. The other amino acids  
( h is t id in e  and glutamate) were not fermented, s in ce  there was no 
sign ificant gas released from these compounds. From these observations 
as well as the iso lation  of the enzymes, phosphotransacetylase, acetate
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kinase ,  they deduced t h a t  the  major pathway fo r  ene 139 genera t ion  in  Pc. 
p r e v o t i i  was probably v ia  deamination of se r in e  and threonine  to  t h e i r  
r e s p e c t i v e  k e t o  a c i d s  and t h e  t h i o c l a s t i c  f i s s i o n  o f  t h e s e  a c i d s  t o  
a c e t y l  CoA ana p r o p io n y 1-CoA w i t h  energy  c o u p l in g  v i a  a c e t a t e  and 
propionate  k inase  r e a c t io n  (Fig 3) analogous t o  those of £ 5* aerogenes.
7.4 Pep.tococcus anaerobius and Peptococcus v a r i a b i l i s
In 1951 Douglas repor ted  t h a t  the  c e l l  suspension of  two s t r a i n s  of 
Pc. ( Micrococcus) anaerobius and four s t r a i n s  o f  jfe* CM), v a r i a b i l i s  were 
able  to  ferment  only g lyc ine ,  s ince  carbon dioxide ,  ammonia, and a c e t i c  
ac id  were produced in  media conta in ing  glycine .  The fo l lowing equation 
was suggested fo r  h i s  reac t io n :
4CH2 NH2 COOH + 2H20 —MNH3 + 3CH3 COOH + 2C02
7.5 Peptos treptococcus  anaerobius
Babcock (1979) developed and evaluate tyrosine agar medium (The 
f in a l  concentration  of t y r o s i n e  was 10 >ug/ml) fo r  p resu m p tiv e  
id e n t i f i c a t io n  of Psfc. anaerobius among AG+C. A ll s tr a in s  (P st .  
anaerobius, Pst. micros, Pc. magnus, Ps* asaccharolvticus. Pp. prevotii,  
Pc. in d o l ic u s .  Str . in term epius, Str. constella .tus., Str,. m orb illoru nu 
Gaffkva anaerobia, and u n id e n t i f ie d  s p e c i e s  o f  P e p to c o c c us and 
Peptostreptococcus) grew on the medium. All strains of Pst. anaerobius. 
and one s tr a in  out of 13 sp e c ie s  o f  Ppt. micros degraded ty r o s in e  
crystals. The remaining strains of AG+C (including 12 strains of Pst. 
micros) were unable to u t i l i z e  tyrosine crystals in agar plates.
The m etabolic pathway of the ferm entation o f  tyros in e  by Pst.  
anaerobius i s  not c le a r ,  although p-hydroxyhydrocinnamic acid  [ 3-  
(hydroxyphenyl) propionic acid ] was detected  in ty ro s in e  -  enriched  
media inocu la ted  with a cu ltu re  o f  Pst. anaerobius (Lambert and Moss, 
1980).
A more recent paper presented by Britz and Wilkinson (1982) 
stated that isovaleric  and isocaproic acids, C02 an<3 ammonia were formed
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as end products in the fermentation of leucine in the absence of other 
amino acids by cultures of Pst. anaerobius
The ratio  of isovaleric  to isocaproic acids was 1:2, the amount 
of CO2 produced equivalent to that of isovaleric  acid, and the ammonium 
ion concentrations were equal to  the t o ta l  and 05 ac id s  formed. 
Concommitant formation of CO2 and ammonia ions indicated a mechanism 
w ith  a sto ich iom etry  com patible w ith  th at of the Stick land rea c t io n ,  
where leucine acted as proton donor and acceptor as follow s:-
3(CH3)2CHCH2 CHNH2C00H+2H20 — ^(CH3)2CHCH2C00H+C02+3NH3 + PCO^CHO^O^COOH
The incorporation  of a lan ine, and v a l in e  in the incubation  
provide proton donors in the S tick land rea ct io n , the amount of  
isocaproic acid was markedly increased at the expense of isovaler ic  acid 
production, implying th at leu c in e  acted as proton acceptor. On the  
other hand addition of glycine and proline (which are proton acceptors 
in  Stick land  reaction ) to  leu c in e  medium, gave both i s o v a le r ic  and 
isocaproic acid production from leu c in e .  Since the con cen tration s  of  
isovaleric  was greater than that of isocaproic acid in th is  reaction i t  
was concluded that le u c in e  acted as a proton donor. However these  
authors noted th at combining g ly c in e  with  v a l in e  produced a c e t i c  and 
iso b u ty r ic  ac id s . I t  i s  specu lated  that the amino a c id s ,  other than 
le u c in e ,  were not converted to  the appropriate v o l a t i l e  fa t ty  a c id s ,  
u n less  other amino ac id s  were supplied  which a c t  as proton donor and 
acceptor in the Stick land reaction . Nevertheless, leucine underwent 
sign ificant conversion to V.F.A’s in the absence of other amino acids by 
the cultures of Pst. anaerobius.
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8. Classification of AG+C Based on the Amino Acid Metabolism
On the basis of the fermentation of organic compounds, Whiteley 
( 1957) claimed th at  the anaerobic m icrococci which were reported by 
Foubert and Douglas (1948) may be divided in to  3 groups: 1) Those able  
to ferment only glycine (Douglas, 1951), and which contain the species  
Pc.(M) variab lis  and Pc.( M) anaerobius. 2). Those capable of degrading 
purines (Whiteley and Douglas, 1952) and many organic acids (Foubert and 
Douglas, 1948). The s p e c ie s  V ie l lo n e l la  gasogenes (M.lac.tvlus) f e l l  
into th is  group. 3) Those able to ferment purines and lim ited numbers of  
amino acids and organic compounds (Whiteley, 1952). The group comprised 
the s tr a in s  o f  Pc.(M) a e r o s e n e s .  Pc.(M) p r e v o t i i .  Pc.(.M) ac .t iv iu s  and 
Pc.(M) asaccharol-vticus.
The species V eillon ella  gasogenes which f a l l s  into Group (2) i s  
a Gram-negative coccus, therefore AG+C (certain species of Peptococcus) 
were placed in group (1) and (3). However W hiteley's  c l a s s i f i c a t i o n  
represented few sp e c ie s  of the genus Peptococcus in the fam ily  
Peptococcaceae (Rogosa, 1974a) which were te s te d  a ga in st  a l im it e d  
number of amino ac id s. In Group (1) ££* v a r i a b i l i s  i s  considered as a 
synonym of Pc.. anaerobius (Rogosa, 1974b) or Pc. magnus (Holdeman, e t  
a l.if 1977) w h ilst  Pc  ^ anaerobius i s  recognised by the former author and 
rejected  by the l a t t e r .  The sp e c ie s  Pc. aerogenes.t. Pc.. p rev o tii . .  Pft» 
a c t iv iu s  and Pc. asacpharol.v.ticus were assigned to  Group (3) although  
experim ental r e s u l t s  were presented only for Pc. aerogenes (Whiteley, 
1957).
In the 8 th e d it io n  of Bergey’s Manual, Rogosa (1974b) c l a s s i f i e d  
some s p e c ie s  of the genus Peptococcus in  a s im ila r  way to  W hiteley  
(1957) on the b a s is  o f  the a b i l i t y  of these s tr a in s  to  ferment protein  
decomposition product (Kluyver and van N ie l ,  1936) m ain ly  the  
ferm entation  of certa in  amino ac id s  (g ly c in e ,  ser in e ,  threonine,  
glutam ic acid and h is t id in e ) ,  purines and others which are shown in  
Table 1.17.
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On th e  b a s i s  of the  r e s u l t s  of  Cardon and Barker, (1946), Douglas 
(1951) and W h i te l e y  (1957),  t h a t  t h e  s p e c i e s  .Pc* g l v c i n o p h i l u s . .  Pc. 
v a r i a b i l i s  and Pc.  a n a e r o b i u s  a r e  non s a c c h a r o c l a s t i c ,  and f e r m e n t  
g lyc ine  but no o ther  amino a c id s  are  u t i l i z e d .  Rogosa considered these  
s t r a i n s  a s  synonyms o f  Pc.  a n a e r o b i u s  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  
spec ies  Pc. g lvc inoph i lus  fermented s e r in e  (Cardon and Barker,  1947; and 
Sager and Gunsalus 1961).
The other sp e c ie s  (Pc. a sa cch a ro lv t icu s .  Pc. aerogenes and Pc. 
activius) which are included in Table 1.17 are not separated since they 
did not ferment glycine, and ferment serine, threonine, glutamic acid, 
and h is t id in e .  The sp e c ie s  Pc. nigep and Str.. const e l l  a tus are l i s t e d  
as members of the genus Peptococcus. although their nitrogen metabolism 
has not been te s te d  (Rogosa, 1974b). TW rxavne .Pc. p r e v o t i i  was  
considered as nomina confusa, whilst Bently and Dawes,(1974) recognised 
th is  organism and reported i t  as being a threonine and serine fermenter.
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9. Susceptibility  of AG+C to various agents.
9.1 Nalidixic Acid and Aminoglycosides
The anaerobic bacteria including AG+C are consistently resistant to 
various aminoglycoside agents (Wise and Logam, 1980).
9.1.1 N alid ix ic  Acid
The anaerobic cocci are r e s i s t a n t  to  n a l id ix ic  acid up to  the  
concentration  o f  200 ; ig /m l, (Finegold, ejt j l . ,  1966). The use of  
n a l id ix ic  acid (50 ;ig/m l) as a s e l e c t i v e  agent in the medium for  
Bacteroides, Fusobacterium and AG+C was demonstrated by Ingham and his  
c o llea g u es  in 1978. In the same year Wren found th at  N a lid ix ic  Acid 
Tween Agar i s  a useful s e le c tiv e  medium for the iso la tion  of anaerobic 
bacteria from c l in ic a l  materials. This medium stimulates the growth of 
AG+C, producing sign ificantly  larger colonies than those on blood agar 
and kanamycin b ru ce lla  agar. I t  was concluded th at  N a lid ix ic  Acid -  
Tween Agar (NAT) achieved better recovery of AG+C than any other medium 
used (b ru ce lla  agar, neomycin agar; neomycin -  vancomycin agar, 
Kanamycin agar, Kanamycin -  vancomycin agar and rifampicin agar (Wren, 
1980) .
9.1.2 Neomycin and Streptomycin
The species of Pst. anaerobius. Pc. magnus and Str. intermedius are 
resistant to neomycin (Moore, e t  a l., 1969). Thus, a medium containing 
neomycin wos used by Sutter, e t  ^ . ,  in 1972 as a se lec tiv e  medium for 
the cu ltivation  of AG+C. Sbrensen (1973) showed that 15 out of twenty 
s tr a in s  (75%) o f  Pc* in d o l ic u s  were r e s i s t a n t  to  neomycin, but the  
remaining 25% of the iso la te s  were sensit ive  to th is  agent. All of the 
s t r a i n s  o f  Pc. i n d o l i c u s were r e s i s t a n t  to  s tr e p to m y c in .  The 
s u s c e p ta b i l i ty  o f  Pc. in d o l ic u s  to neomycin and streptom ycin  i s  
v a r ia b le .  Sorensen (1975) reported th at 100% of the cu ltu r e s  o f  Pc. 
indolicus (16 strains) were inhibited by neomycin, whereas one strain  
out of 16 was susceptible to streptomycin.
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9.2 B-Lactam A n t ib io t i c s
9.2.1 P en ic il l in  and Ampicillin
In general the a n t ib io t i c  o f  choice for the treatm ent of the  
infections due to AG+C i s  p en ic il l in  (Thomas and Hare, 1954; Sutter, e t  
a i . ,  1972 and Sweet, 1975).
The c u ltu re s  o f  Pst.  anaerobius. Pc. magnusf and S tr . in.termedius 
were inhibited by p en ic il l in  (Moore, .g£ a i.,  1969). Ninety nine percent 
of u n id e n t if ie d  s tr a in s  of Peptococcus were s e n s i t iv e  to  3.1 jug/ml o f  
p e n i c i l l i n ,  and 100  p e r c e n t  o f  u n i d e n t i f i e d  s t r a i n s  o f  
Peptostreptococcus were sensitive  to 1.6 >ug/ml of p en ic il l in  (Pien, .g£ 
a],., 1972),  w h i l s t  S u t t e r ,  and F in e g o ld ,  (1976) found 90% o f$eni, yive-to
p ep tostrep tococc i to b e ^ le s s  than 2.0 xig of p e n i c i l l i n  per ml. 
Finegold, (1977) observed that 100% of Peptococcus i s o l a t e s  were 
s e n s i t i v e  to  p e n i c i l l i n  G a t  < 1.0 IU /m l, w hereas 89% o f
Peptostreptococpus strains were susceptible to 1.0 IU of p en ic il l in  per 
ml, and the remaining 11% were r e s i s t a n t ,  requiring 8.0 -  32 IU/ml of  
p e n i c i l l i n .  A m p ic ill in  showed an a c t iv i t y  on 100% of Peptococcus  
cu ltu re s  a t  a l e v e l  of 0.8 xig/ml, w h i ls t  84.6% o f  p ep tostrep tococc i  
were s e n s i t iv e  to  t h i s  l e v e l .  The s tr a in s  o f  Pc. in d o lic u s  (Sprensen, 
1973, 1975); P st .  micros (Anthes e t  a^.,  1980); and Pc. magnus (Marrie. 
et a l .T 1981) were inhibited by p en ic ill in .
Although p en ic il l in  i s  highly active against AG+C, Anderson and his  
co llea g u es  (1972) and Martin, .§£ jlI . ,  (1972) observed three cases  of  
anaerobic streptococci which are resistant to p en ic i l l in  and am picillin .  
Brown, and Watti, (1980) also reported that 33% of Pst. anaerobius were 
r e s i s ta n t  to  p e n i c i l l i n  (7% had MICg greater  than 8.0 .pg/ml; and 26% 
had MIC5 ^ 4.0 jug/ml), but w ith  a l l  other sp e c ie s  (Gaffkya anaerobia,. 
Pc. asaccharolvticusT Pc. magnus. and Pc* prevotti). 67% of the strains  
o f  Pst. anaerobius. and Pst. micros were su s c e p t ib le  to  £  0.25 Jug of  
p en ic il l in  per ml.
When the in fe c t io n  i s  due to a mixed cu ltu re  of anaerobic co cc i  
w ith e i th e r  Gram-negative aerobes or G ram -positive aerobes (the  
en terococci)  i t  i s  necessary to cover a l l  these  organisms (because
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certain bacteria such as c o l i  strains are res istant to the usual dose 
o f  p e n i c i l l i n )  by a s y n e r g is t ic  a c t io n  of a combination of p e n i c i l l i n  
with other antib iotics  such as aminoglycosides (Sweet, 1975).
9.2.2 Amoxicillin and Mecillinarn
A m o x ic ill in  i s  recommended by Holloway, (1973) as an e f f e c t i v e  
therapy for the in fe c t io n  due to  anaerobic co cc i .  Later, F inegold,  
(1977) found that 100$ of the strains of Peptococcus and 89$ of those of 
Peptostreptococcus were inhibited by 4 jug of amoxicillin per m i l l i l i t e r .
Steinkraus, and McCarthy, (1980) showed th a t  a l l  s tr a in s  o f  P st.  
micros, Pc, prevotti and Pc* asaccharolvticus demonstrated MICg of < 8.0 
jug of mecillinarn per ml. However ,£c* anaerobius displayed a wide range 
o f  MICg, ( w i th  v a lu e s  ran g in g  betw een  0.125 and 16 jug/m l).  
Approximately 93$ o f  the Pc. anaerobius sp e c ie s  were s e n s i t iv e  to  8.0 
jug/ml, whereas 1% required 16 jug/ml for their inhibition.
9.2.3 Cephalosporins.
The sp e c ie s  o f  both Peptococcus and Peptostreptococcus were 
inhibited by cephalothin at 12.5 jug/ml (Martin, Gardner and Washington, 
1972). The study of the s u s c e p t ib i l i t y  of the anaerobic b a c ter ia  
against the agents Cefazolin, cephaloridine, cefoxitin  and cephalothin 
was in v e s t ig a te d  by Sutter , and Finegold, (1975) and Finegold, (1977). 
These organisms included the sp e c ie s  o f  Pc* asaccharolvticus .,  Pc, 
magnus., Pc. v a r ia b il is .  Ps.t. anaerobius. Str. intermedius. Pst. micros, 
Pst. productus and H* e l s d e n i i . Their r e s u l t s  showed that AG+C are 
s u sc e p t ib le  to  c a r b e n ic i l l in  (3.1 -64 jug/ml), cephalothin  ( 1- 8 ;ug'/ml), 
c e fa z o l in  ( 1.6 - 3.1 jug/ml), cephalorid ine (£ 0 .8 jug/rcl), and c e f o x i t in  
(4-8jug/ml). However c e fa z o l in  and c e f o x i t in  showed more a c t iv i t y  
ag a in st  M. e l s d e n i i  (£ 0 .8  and < 1 jug/ml r e s p e c t iv e ly ) .  In co n tr a s t ,  
the findings of Moore, e t  a l., (1969) showed that w hilst the species of  
Str. in term ed iu s; i s o la t e d  from a ch est  drain, were s e n s i t iv e  to  
cephalothin, the iso la te s  of F&* magnus: obtained from a rectal abscess 
were resistant to th is  agent. Sutter, e t  aj,., (1979) evaluated the agar
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d i l u t i o n  method, for the  s u s c e p t i b i l i t y  t e s t i n g  of  anaerobes,  including 
AG+C a g a in s t  c e r t a in  cephalosporins .  Their r e s u l t s  showed th a t  c u l tu re s  
o f  Pc. v a r i a b ^ i l i s ,  and Pc. magnus e x h i b i t e d  t h e  most v a r i a t i o n  due to  
t h e i r  i n a b i l i t y  to  grow w e l l .  However,  PCs. v a r i a b i l i s  a p p e a r s  t o  be
suscep t ib le  to c a r b e n i c i l i i n  (MIC range 0.031 -  32).
Kaye, Kobasa and Kaye (19BO) found t h a t  AG+C were  s u s c e p t i b l e  t o  
c e f o p e r a z o n e ,  c e f a n a d o l e ,  c e f o x i t i n  and c a r b e n i c i l i i n .  Ninety percent 
of th e  s t r a i n s  were i n h i b i t e d  .by 6 . 3 PQ c r  l e s s  o f  each a n t i b i o t i c  per 
ml . ,  and a l l  s t r a i n s  were  i n h i b i t e d  by 25 p g  o f  each drug p e r  ml. 
Another s tudy  r e p r e s e n t e d  by M ar r i e ,  e t  s i . , (1981) s t a t e d  t h a t
c e p h a l o s p o r i n s ,  moxolac taws,  c e p h a l o t h i n ,  cefamandole,  c e f o x i t i n  and 
t / i c a r a c i l l i n  are  of promising a c t i v i t y  ag a in s t  u n id e n t i f i e d  spec ie s  of 
AG+C.
C ep h a lo sp o r in  or  c l i n d a m y c in  were recommended a s  a p p r o p r i a t e  
a l t e r n a t i v e  d r u g s  f o r  p a t i e n t s  w i t h  p a r o t i t i s  c a u s e d  by Eg, 
m e la n in o g e n ic u s  and Pst* m ic ro s ,  and f o r  p a t i e n t s  who a r e  a l l e r g i c  t o  
p e n i c i l l i n  (Anthes; B lsse r  and R e l ie r  1980).
9 3  Metronidazole ( f l a g y l l
Although t h e  c l i n i c a l  use  o f  f l a g y i  i s  l i m i t e d ,  T a l l y  and h i s  
co lleagues  ( 1972) noted t h a t  i t  i s  an i n h ib i to r y  drug to  a l l  anaerobes.  
Ueno, Ninomiya and Suzuki (1971) found t h a t  P ep to cg ccu s  s p e c i e s  a r e  
s e n s i t i v e  t o  m e t r o n i d a z o l e  a t  a minimum i n h i b i t o r y  c o n c e n t r a t i o n  o f  
about 0.7 to  6.2 meg/ml, whereas the s t r a i n s  of Pep tps trep tocpccus  a re  
r e s i s t a n t  t o  t h i s  a g e n t .  V ideau  (1971) r e p o r t e d  t h a t  P s t .  a n a e r o b i u s  
( S t r .  f o e t i d u s l  and Pcu, magnus iS t a p h .  a n a e r o b i u s !  were  i n h i b i t e d  \>y 
metronidazole,  t h e i r  r e s u l t s  showed t h a t  f l a g y l  and spiramycin have a 
s y n e r g i s t i c  e f f e c t  ag a in s t  anaerobic b a c te r i a  inc luding Pst*. anaerobius  
and Pc*. magnus in  v i t r o  and v ivo .  T a l l y ,  S u t t e r  and F in e g o ld  (1972) 
observed t h a t  one out of six  c u l tu re s  of  mic roaeroph i l ic  Gram-posit ive  
cocci grew in the presence o f  100;jg per ml of metronidazole.  George, e t  
a l . ,  ( 1982) r e p o r t e d  t h a t  f l a g y l  i s  o f  poor a c t i v i t y  a g a i n s t  a n a e r o b i c  
s t rep tococc i .  However, V/att and Jack (1977) s t a t e d  t h a t  a l l  anaerob ic  
c o c c i  t e s t e d  i n c l u d i n g  P s t .  anaerobius^.  Pc* a s a c c h a r o l y t i c u s  were  
s e n s i t i v e  t o  f l a g y l .  F in e g o ld  (1980) showed t h a t  b o th  s p e c i e s  o f
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P e p to c o c cus and P ep to s t r e p to c p e e p s  were in h i b i t e d  by 32pg  o f  
m etronidazole per ml. Beeden and V Jillis  (1980) recommended the drug 
f la g y l  for treatment of the middle ear in fe c t io n  due to anaerobic  
streptococci.
9.4 Chloramphenicol and Tetracyclines
Chloramphenicol and t e t r a c y c l in e s  are very a c t iv e  a n t ib io t i c s  
a ga in st  anaerobes, e s p e c ia l ly  AG+C. Finegold (1972) considered  
chloramphenicol i s  the drug of choice in treatment of serious anaerobic 
infection, particularly those of the central nervous systems when the 
organisms or i t s  drug s e n s i t i v i t y  are not known, in s p i t e  of the s id e  
effec ts  of th is  antib iotic .
The s tr a in s  o f  Pst. anagrobius.. Pc. magnus.. and Str . intermedium  
are su sc e p t ib le  to  t e tr a c y c l in e ,  (Moore, .g£ a l . ,  1969). Pc. in d o l ic u s  
i s o l a t e s  were s e n s i t iv e  to terramycin, au^bmycin and chloramphenicol 
(Sorensen 1973). Several reports confirmed the suscep tib ility  of AG+C 
to  chloramphenicol and t e tr a c y c l in e  (W il l i s  1977; Kaye, jetjjJ.., 1980; 
Marrie, .gt .§1., 1981). The e ffective  concentration of chloramphenicol 
and tetracycline to AG+C (Peptococcus and Peptostreptococcus) are 3.1 to 
8 pg/m l chloramphenicol per ml., and 25 jug of t e tr a c y c l in e  per ml. 
(Martin, e t  ^1., 1972; Finegold, 1977; and Brown and Watti 1980).
9.5 Ervthromvcin and Novobiocin
Moore, .gt a l.,  (1969) observed that the species of Pst. anaerobius 
and Str. intermedius were sensitive  to both erythromycin and novobiocin 
whereas those of Pc. magnus were in h ib ite d  by erythromycin and not 
affected by novobiocin. Martin, Gardner and Washington (1972) showed 
that erythromycin i s  a c t iv e  aga in st  the sp e c ie s  of  Peptococcus and 
Peptostreptococcus: at a leve l of 3.1 PS per m i l l i l i t e r .
9.6 Polypeptide Antibiotics
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9.6.1 Polvmvxin and Bacitracin
The c u ltu re s  o f  S tr . interm edlus and Pc. magnus are r e s i s t a n t  to  
polymyxin B, whereas Pst. anaerobius are s e n s i t iv e  to  t h i s  agent.  
(Moore, ej: a l . ,  1969). The majority (90%) o f  Pc. in d o l ic u s  i s o l a t e s  
were resistant to polymyxin, but the remaining (10%) were susceptible to 
polymyxin.
Bacitracin i s  an active agent against a l l  strains of Pc* indolicus  
examined by S0rensen (1973, 1975).
9.6.2 Lincomvcin
Finegold (1977) reported th a t  lincom yein  i s  a very e f f e c t i v e  
antib iotic  against a l l  peptococci and peptostreptococci.
9.6.3 C ollstin
The members of AG+C (Pc. asaccharolvticus. unidentified peptococci, 
Pst. anaerobius. Pst. m icros. Pst. parvulus, and Pst. oroductus) are 
r e s i s t a n t  to  c o l i s t i n  (10-^ig d is k ) ;  w ith  th e  e x c e p t io n  o f  Pp^ . 
asaccharolvticus which showed a zone of exhibition around the disk of 
c o l is t in  (Holdeman, e£ al.,  1981).
9.7 Sensit iv ity  of AG+C to sodium polvanethol sulphate
Sodium polyanethol sulphate (SPS) i s  a blood cu ltu re  a d d it iv e  
anticoagu lant (Kocka, Magoc and Searcy 1972), i t  antagonizes  the  
emu-bacterial action  present in the blood, thus i t  i s  used to  i s o l a t e  the  
b acter ia  from blood cu ltu res  (Lowrance and Traub 1969; Traub and 
Lowrance 1970, and Belding and Klebanoff 1972). I t  i s  used as a blood 
culture additive anticoagulant (Kocka, Magoc and Searcy 1972).
SPS was reported to  in h ib i t  the growth of AG+C (Hoare 1939)• 
Graves, Morelia and Kocka (1974) studied the in h ib ito ry  a c t io n  o f  SPS 
aga in st  the members of AG+C; (G. anaerobia. Pc. a sa cch a ro lv t icu s .  Pc*
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ESSDySj. Pc. saccharolyixLcus* Pc. p re v o t t i*  Pst .  anaerobius* Ps t .  micros 
and S tr*  m p r b i l l o r u m ) .  T h e i r  r e s u l t s  i n d i c a t e  t h a t  th e  g ro w th  o f  th e  
s p e c i e s  o f  P s t .  a n a e r o b i u s  was i n h i b i t e d  by a d d i t i o n  o f  SPS t o  t h e  
medium ( a t  a f i n a l  c o n c e n t r a t i o n  o f  0.05%). The o t h e r  s t r a i n s  t e s t e d  
remained unaffec ted ,  except the  c u l tu r e s  of Pc. magnus and Pc* p r e v o t t i  
which showed a de lay  in  t h e i r  g row th .  On th e  o t h e r  hand th e  d i s k s  
c o n t a i n i n g  20 j j I  o f  5p SPS showed a c l e a r a n c e  zone;  12 t o  14 mm in  
d i a m e t e r ,  on th e  p l a t e s  c u l t u r e d  w i t h  Pst*. a n a e r o b i u s .  The r e m a in in g  
AG+C grew around t h e  SPS d i s k s  (hav ing  a narrow zone o f  abou t  6 mm in  
diameter) .  Cer ta in  s t r a i n s  of  Pc* magnus and Pc. p r e v o t t i  had decreased 
growth, however the re  were some co lon ies  around the  disk.  Kocka, Arthur 
and S earcy  (1974) t e s t e d  bo th  sodium s a l t s ;  p c l y a n e t h o l  s u l p h a t e  and 
a m y i o s u l p h a t e  a g a i n s t  AG+C. They found t h a t  the.  g ro w th  o f  Ps t*  
anaerobius  was in h ib i t e d  in the  medium th io g ly c o l l a t e  conta in ing  0.05$, 
SPS, but was not a f f e c t ed  in the presence of 0.5S sodium' arnylosuiphate.  
The s p e c i e s  o f  Pc*. a s a c c h a r o l y t i c u s *  Pc* p re v o t t i . *  Pc* magnus*. Pst* 
PfQduptus, grew in the  presence of both ad d i t iv e s .  However, c u l t u r e s  of 
p r e v o t t i  grew more slowly in  a medium conta ining SPS. Specula t ion  
s u g g e s t s  t h a t  SPS may be o f  a v a lu e  f o r  p r e s u m p t iv e  i d e n t i f i c a t i o n  o f  
Pst* anaerobius .  Wideman, e t  a l . , (1976) repor ted  t h a t  the  i s o l a t i o n  of 
Pst* anaerobius  from c l i n i c a l  specimens showed wider zone (18 to  27 mm 
in d iameter)  of i n h i b i t i o n  around the  SPS d isk  than those i s o l a t e d  from 
th e  normal f l o r a  (14 t o  18 mm). The o t h e r  i s o l a t e s  o f  AG+C (G* 
a n ae ro b ia *  Pc* a s a c c h a r o l v t i c u s *  Pc* magnus* Pc* s a c c h a r o l y t i c u s *  Pc* 
p r e v o t t i *  Pc* v a r i a b i l i s *  Ps t*  mic ros*  Pst* pa rv u lus*  Pst* p r o d u c t  us* 
Str* in te rmedius  and Str* morbil lprum) e i t h e r  from normal f l o r a  or from 
c l i n i c a l  m a te r i a l s  has no zone of i n h ib i t i o n  around the  SPS d isk ,  except 
th ree  s t r a i n s  of  Pst* micros has zones ranging from 10 to  12mm.
The i n h i b i t o r y  e f f e c t  o f  SPS (0.1%) on t h e  s t r a i n s  o f  Ps t*  
anaerobius and i t s  i n a b i l i t y  to  suppress the  growth of o ther  AG+C were 
c o n f i rm e d  by W i lk in s  and West (1976).  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
the  i n h i b i t i o n  of  Pst* anaerobiu^s by SPS was overcome by the a d d i t io n  
o f  g e l a t i n  or  c a s e i n .  The e x p l a n a t i o n  o f  t h i s  phenomenon i s  s t i l l  
unc lear .
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The c u ltu r e s  of Pc. v a r i a b i l i s  were r e s i s t a n t  to  lysozyme, but 
those o f  Pc.. a sa cch a ro lv t icu s  and Pc. p r e v o t t i ' were su sc e p t ib le .  The 
s tr a in s  o f  Pc. a sa cch a ro ly ticu s  had MICg of 0.01 -  0.2 mg/ml, whereas 
the members o f  Pc. p r e v o tt i  were mostly in h ib ite d  by 0.1 -  0.5 mg 
lysozyme per ml. (Werner, e t  a l.,  1930).
9.8.1 Synergistic ac t iv ity  of Ivsozvme and Certain A ntibiotics:
An in d ic a t io n  of synergism between lysozyme and clinom ycin  and 
lysozyme w ith  B -lactam  a n t i b i o t i c s  ( p e n i c i l l i n  G, A m p i c i l l i n ,  
Cephalothin and Cefoxitin) against AG+C was reported by Werner and h is  
co llea g u es  (1980). Lysozyme and clinom ycin d isp layed  a s y n e r g is t ic  
activ ity  against the strains of Pc. assaccharolvticus.
10. Aims and Objectives of the Present Research
Attempts to  c l a r i f y  the taxonomy or to  improve the  i d e n t i f i c a t i o n  
of AG+C have involved using va r ious  methods such as f lu o r e s c e n t  antibody 
technique (Porschen and Spaulding 1974a); enzymatic assays  (Porschen and 
Sonntag 1974; and Marshall  e t  a l . .  1981); and the  a n a ly s i s  o f  long-chain  
f a t t y  a c id s  of the c e l l  w a l l  (Wells and F ie ld ,  1976; Moss, Lambert and 
Larribard, 1977). Therefore  i t  i s  he lp fu l  to  have o ther  t e s t s  a v a i l a b l e  
which are  c h a r a c t e r i s t i c  and easy to  perform.
A n t ib io t ic  and dye s u s c e p t i b i l i t y  t e s t s  have been used by severa l  
i n v e s t i g a t o r s  as  s e l e c t i v e  agents  or as presumptive procedures fo r  the  
i d e n t i f i c a t i o n  of  anaerobes (Finegold ej: a l . ,  1967; S u t t e r  and Finegold,  
1971; Wren e t  a l . ,  1977; W i l l i s  and Hobbs 1959; Omata and D is rae ly ,  1956 
and W i l l i s ,  1957).  P e n i c i l l i n ,  e r y th r o m y c in ,  kanamycin  and neomycin  
were used to  d i f f e r e n t i a t e  the  spec ie s  in  the  family  Bacteroidaceae by 
F in e g o ld  e t  a l . ,  (1967) and S u t t e r  and F in e g o ld  (1971).  S in ce  t h e  
s p e c i e s  f r a g i l i s  a r e  r e s i s t a n t  t o  p e n i c i l l i n ,  c e p h a l o s p o r i n s  and 
c o l i s t i n  and b o th  s p e c i e s  o f  J3* me l a n o g e n i c u s  and B* o r a l i s  a r e  
s e n s i t i v e  t o  t h e s e  d rugs  such p a t t e r n s  were  used t o  g i v e  taxonom ic  
c r i t e r i a  fo r  these  organisms (Werner e t  al .,1975).  Vancomycin was a l so  
u s e d  t o  s e p a r a t e  Eu a s a c c h a r o l v t i c u s  f ro m  t h e  s p e c i e s  o f  B. 
melanogenicus ss  in te rm ed ius . whereas phosphomycin, p e n i c i l l i n ,  oxo l in ic  
acid  and r i f am p ic in  were employed fo r  gener ic  s epa ra t ion  of  Bac tero ides  
and F u s o b a c t e r i u m (R odr iguez ,  Sanchez and P r i e t o  1980). In  t h e  
c l a s s i f i c a t i o n  o f  AG+C t h e  s e n s i t i v i t y  p a t t e r n s  were  a p p ied  on ly  t o  a 
smal l  spectrum of spec ies.  The spec ies  Pst .  anaerobius  was s p l i t  from 
o t h e r  AG+C on th e  b a s i s  of  i t s  i n h i b i t i o n  w i t h  sodium p o l y a n e t h o l  
sulphonate (Graves, Morelia and Kocka, 1974). The spec ies  o f  PeptococcusW.O +
are^suscep t ib le  to  novobiocin w h i l s t  the  c u l tu r e s  of  Peptos t rep tococcus  
a r e  s e n s i t i v e  t o  n o v o b io c in .  Th is  e v id e n c e  l e a d  Wren e t  al, (1977) t o  
d i v i d e  t h e  two g e n e r a  f r o m  e a c h  o t h e r .  On t h e  o t h e r  h an d  t h e  
s e n s i t i v i t y  of c e r t a in  orgnisms to  va r ious  agents  was used t o  e s t a b l i s h  
va r ious  s e l e c t i v e  media. W i l l i s  and Hobbs (1959) used neomycin su lp h a t e  
as s e l e c t i v e  agent fo r  the  i s o l a t i o n  of most of the  common c l o s t r i d i a .  
F in e g o ld  e t  a l  (1957) added a m i x t u r e  o f  neomycin (200 ;ug/ml)  and 
vancomycin  (7.5 >ug/rnl) t o  b lood a g a r  in  o r d e r  t o  i s o l a t e  f u s i f o r m  
b a c i l l i .  The i s o l a t i o n  of fus iform b a c i l l i  and c l o s t r i d i a  was performed
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by using s t rep tomycin  su lphate  (Oraata and Disraely, .  1956; W i l l i s ,  1957). 
The dyes; gen t ian  v i o l e t ,  c r y s t a l  v i o l e t  and b r i l l i a n t  green were a l so  
used as  s e l e c t i v e  agents  to  i s o l a t e  the  o ra l  fu so b ac te r ia  (Slanetz and 
R e t t g e r  1933; S p a u ld in g  and R e t t g e r  1937; Rbe 1941 and Omata and 
D i s r a e l y  1956) a t  a c o n c e n t r a t i o n  o f  5 0 - 1 0 0 jmg/ml or a c o m b in a t io n  o f  
s treptomycin  and c r y s t a l  v i o l e t  a t  a concen tra t ion  of  1Qpg/ml of each, 
however l o w e r  c o n c e n t r a t i o n s  th a n  t h e s e  were  n o t  e f f i c a c i o u s  t o  
s u p p r e s s  th e  g row th  o f  t h e  a s s o c i a t e d  a n a e ro b e s .  T h e r e f o r e ,  i t  i s  
r e a s o n a b l e  t o  d e t e r m i n e  w h e th e r ,  t h e  s u s c e p t i b i l i t y  t e s t s  a re  r e l i a b l e  
fo r  a rap id ,  simple method fo r  d iv id ing  AG+C.
Analysis  of  the  end products  by G.L.C. in complex media has played 
a s i g n i f i c a n t  r o l e  in  s i m p l i f y i n g  th e  c l a s s i f i c a t i o n  and hence  th e  
i a e n t i f i c a i t o n  of anaerobic b a c te r i a .  The t r a d i t i o n a l  medium fo r  such 
a n a ly s i s  i s  peptone y e as t  e x t r a c t  medium conta ining \% glucose.  Since 
t h e  f e r m e n t a t i o n  o f  c e r t a i n  s u g a r s  produced d i f f e r e n t  r e s u l t s  by 
a n a e r o b e s  a c c o r d in g  t o  t h e  s p e c i e s ,  g l u c o s e  was s u b s t i t u t e d  w i t h  
c e l l o b i o s e  f o r  t h e  i d e n t i f i c a t i o n  o f  R. a l b u s  and R. f l a v e f a c i e n s : and 
maltose  fo r  the  i d e n t i f i c a i t o n  of  ji. b rom i i , and Cl*, leotum (Holdeman, 
e t  a l . ,  1977). Thus i t  seems of  va lue  to  study the  va r ious  types  of  the  
m e t a b o l i c  b y p ro d u c t s  from c a r b o h y d r a t e s  o t h e r  t h a n .g l u c o s e  by t h e  
spec ies  of  AG+C.
The c o n v e n t i o n a l  c a r b o h y d r a t e  f e r m e n t a t i o n  t e s t s  and o t h e r  
c l a s s i c a l  methods have proven unsuccessfu l  in d i s t in g u i s h in g  between the  
va r ious  anaerobic  cocci.  I t  was t h e re fo re  necessary to  examine o ther  
methods of c h a r a c te r i s a t i o n .  As long ago as 1936 Kluyver and van Neil  
s u g g e s t e d  t h a t  t h e  s p e c i e s  o f  t h e  g e n u s  f e £ | o c o c c u s  w e r e  
c h e m o h e t e r o t r o p h i c  and "ca p a b le  of  f e r m e n t i n g  p r o t e i n  d e c o m p o s i t i o n  
p r o d u c t s " .  Rogosa (1974b) commented t h a t  " p r e s e n t  ju d g e m e n t s  o f  t h e  
s p e c i e s  o f  Pep to co ccu s  w i l l  d o u b t l e s s  r e q u i r e  r e v i s i o n  as  u r g e n t l y  
needed, modern d a t a  become a v a i l a b l e " .  He added t h a t  t h e  g e n e r a  
Peptostreptococcus and Streptococcus " c lea r ly ,  t h i s  i s  not a homogeneous 
genus and p resen t  and p a s t  d e sc r ip t i o n s  r e f l e c t  th is " .  However, Rogosa 
excluded the spec ies  which are "frankly s acch a ro ly t ic  organisms, which 
use  amino a c i d s  c h i e f l y  or  only f o r  b i o s y n t h e t i c  p u r p o s e s ,  or  whose 
n i t rogen  metabolism i s  l i t t l e  u n d e rs to o d "  from th e  genus  P e p to c o c c u s .
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Thus Rogosa (1974b) a c c e p t e d  few s p e c i e s  ( Pc. a s a c c h a r o l v t i c u s ,  Pc. 
aerogenes and Pc. anaerobius) which were s tud ied  fo r  t h e i r  fe rm en ta t ion  
of  some amino a c i d s  ( g l y c i n e ,  s e r i n e ,  t h r e o n i n e ,  g l u t a m a t e  and 
h i s t i d i n e )  by Cardon and B a r k e r  (1946);  Douglas ,  (1951) and W h i te le y ,  
(1957). I n f a c t  the  n i t rogen  metabolism of  the  major i ty  of the  spec ies  
o f  AG+C i s  no t  c l e a r ;  f o r  example  th o s e  o f  th e  genus  P e p to c o cc u s  (such  
a s  Pc.  i n d o l i c u s ; Pc .  m agnus ,  Pc.  n ig . e r , Pc.  p r e v o t i i  and Pc.  
s a c c h a ro lv t i c u s ): Pep tos t rep tococcus  (such a s  P s t .  a n a e r o b i u s  ana P s t .  
mi c r o s ) ana t h e  o t h e r  members o f  a n a e r o b ic  c o c c i  which do no t  r e q u i r e  
f e r m e n t a b l e  c a r b o h y d r a t e  (Holdeman, c a t o  and Moore 1977). These  
o rg a n i s m s  a r e  a b l e  to  grow in  media  c o n t a i n i n g  p r o t e i n  o n ly ,  such a s  
cooked meat media. In add i t ion ,  the  product ion of i so b u ty r i c ,  bu ty r i c ,  
i s o v a l e r i c  and  i s o c a p r o i c  a c i d s  by c e r t a i n  AG+C, s u c h  a s  P s t .  
a n a e r o b i u s , and Mj. e l s d e n i i , i n  pep to n e  y e a s t  e x t r a c t  medium e i t h e r  
supp lem en ted  w i t h  or  w i t h o u t  g l u c o s e ,  i n d i c a t e s  the  decomposit ion of  
n i t r o g e n  compounds,  b ecause  th o s e  p r o d u c t s  a r e  n o t  from c a r b o h y d r a t e  
f e r m e n t a t i o n .  Moreover t h e  r e l a t e d  a n a e ro b e s ,  namely t h e  genus  
Clostrid ium demonstrate  u t i l i z a t i o n  of amino ac id s  (Knight and F ie ld e s  
1933; S t r ick lan d  1934; Woods 1936; Parker 1937; Cardon and Parker 1947; 
Mead 1971 and E l saen  and H i l t o n  1979).  I t  was t h e r e f o r e  l o g i c a l  t o  
a t t e m p t  a d e t a i l e d  i n v e s t i g a t i o n  o f  t h e i r  amino a c i d  u t i l i z a t i o n  
p a t t e r n s  w i th  a view to  develop r e l i a b l e  d iagnos t ic  t e s t s .
The most em p ir ica l  s ta in in g  method fo r  d i f f e r e n t i a t i o n  o f  b a c t e r i a  
i s  the  Gram s ta i n ,  because Gram re a c t io n  i s  c o r r e l a t e d  w i th  a v a r i e t y  of 
i m p o r t a n t  c e l l u l a r  c h a r a c t e r i s t i c s ,  o f  t h e s e  t h e  s t r u c t u r a l  and t h e  
s p e c i f i c  ch em ica l  p r o p e r t i e s  of  t h e  c e l l  w a l l  which a r e  m arked ly  
d i f f e r e n t  between Gram p o s i t iv e  and Gram negative  b a c te r ia .
The b a c t e r i a l  c e l l  w a l l s  contain severa l  c l a s s e s  of he te ropolymers .  
The most u b i q u i t o u s  and i m p o r t a n t  among t h e s e  in  r e s p e c t  o f  t h e  c e l l  
wal l  s t r u c t u r a l  func t ion  i s  the peptidoglycan. This polymer i s  s t a b l e ,  
u n a f f e c t e d  by v a r i a t i o n s  in  c u l t u r e  media  or  c o n d i t i o n  o f  g r o w th  
(Cummins, and Haris  1956, and Shochman, e t  a l . ,  1958) and has been termed 
a s  ’bag shaped m o l e c u l e ’ , s i n c e  i t  fo rm s  t h e  m i c r o f i b r i l l a r  mesh t h a t  
has  some e l a s t i c i t y  and c o n s i d e r a b l e  t e n s i l e  s t r e n g t h  which  c o n f e r s
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r i g i d i t y ,  shape  and m o rp h o l o g ic a l  i n t e g r i t y  o f  t h e  b a c t e r i a l  c e l l  
( M i t c h e l l  and Moyle 1956). B a c t e r i a  w i t h  such  r i g i d  c e l l  w a l l s  
w i t h s t a n d  o s m o t i c  p r e s s u r e s  up t o  20 a tm o s p h e r e s  (Work 1957).  On t h e  
o t h e r  hand p e p t i d o g l y c a n  in  some b a c t e r i a  i s  a f a v o u r a b l e  t a r g e t  f o r  
a t t a c k  by c e r t a i n  a n t i b i o t i c s  (such as p e n i c i l l i n ,  c e p h a l o s p o r i n  and 
vancom ycin) ,  p r o v id i n g  th e  b a s i s  f o r  t h e  a c t i o n  o f  many s p e c i f i c  
chemotherapeutic  agents  (Park 1958 a and b; Park and Strominger 1957).
Gram p o s i t iv e  b a c t e r i a  are  composed mainly of peptidoglycan (30-70/b 
o f  t h e  t o t a l  c e l l  w a l l ) .  In c o n t r a s t  G r a m -n e g a t iv e  b a c t e r i a  c o n t a i n  
l i t t l e  p e p t i d o g l y c a n  ( l e s s  th a n  10" o f  th e  t o t a l  c e l l  w a l l ) .  The 
c o m p o s i t i o n  and t h e  s t r u c t u r e  o f  t h e  c e l l  w a l l  i s  c o n s i s t e n t  s p e c i e s  
s p e c i f i c  c h a r a c t e r i s t i c  of b a c te r i a  and th e re  i s  cons iderab le  v a r i a t i o n  
be tw een  G r a m - p o s i t i v e  s p e c i e s  ( S c h l e i f e r  and Nimermann 1972).  In  
g e n e r a l  th e  main ch em ica l  component o f  t h e  r i g i d  s t r u c t u r e  a r e  amino 
ac ids  and amino sugars;  amino sugars account fo r  as l i t t l e  as 9-22% of  
the c e l l  wa l l  (Salton ,  1960).
Goodfe l low (1973) s u g g e s te d  t h a t  chemotaxonomic markers should be 
i m p o r t a n t  i n  th e  c l a s s i f i c a t i o n  o f  m ic ro o rg a n i s m s .  L e c h e v a l i e r  and 
Lecheval ie r  ( 1970) accepted the  chemical composit ion o f  the  c e l l  wa l l  as 
a c r i t e r i o n  f o r  th e  c l a s s i f i c a t i o n  of  a e r o b i c  a c t i n o m y c e t e s .  The 
q u a n t i t a t i v e  a n a ly s i s  o f  the  c e l l  wal l  f r a c t i o n s  has been widely used as 
one of the  important keys fo r  the  c l a s s i f i c a t i o n  of a g r e a t  v a r i e ty  of
Y~
G r a m - p o s i t i v e  b a c t e r i a  and en ab le d  Cummins and Harfls (1958) and 
S c h le i f e r  and kimerrnann (1972) t o  em phas ize  t h e  r e l a t i o n s h i p s  be tween  
t h e  p a t t e r n s  o f  c e l l  w a l l  amino a c i d  c o m p o s i t i o n  and t h e  t axonom ic  
grouping. Salton (1964) suggested t h a t  the  complete sepa ra t ion  of the  
c e l l  w a l l  amino a c i d s  and amino s u g a r s  would be t h e  b e s t  way o f  
d e t e c t i n g  any r e l a t i o n s h i p s  be tween  t h e  v a r i o u s  s p e c i e s  and may 
c o n s t i t u t e  a dec is ive  c o n t r ib u t io n  to  r e c l a s s i f i c a t i o n  o f  b a c t e r i a  t h a t  
were  f o r m e r l y  c l a s s i f i e d  im p r o p e r l y  (Cummins 1956). There  a r e  few 
r e p o r t s  c o n c e rn in g  t h e  s tudy  o f  t h e  c e l l  w a l l s  o f  AG+C (T ab le  1.12). 
The s p e c i e s  o f  Jfc* i n d o l i c u s .  Pc. n i g e r ,  P s t .  mi c r o s .  P s t .  p a r v u l u s .  
Pst .  productus and Gaffkva anaerobius remained untes ted .  . Therefore  i t  
now seems worthwhile  to  focus on the c o r r e l a t i o n  of the  amino ac id  and 
amino-sugar components of the  c e l l  w a l l s  and the  taxonomy of the  AG-j-C.
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The aims and o b je c t iv e s  o f  t h i s  re sea rch  a re  t h e re fo re  as  fo l lows:
1. To c o l l e c t  and i d e n t i f y  f r e s h  i s o l a t e s  o f  AG+C from c l i n i c a l  
m a te r i a l s  a s  a b a s i s  fo r  f u r t h e r  study.
2. To i n v e s t i g a t e  th e  s e n s i t i v i t y  o f  AG+C to  c e r t a i n  a n t i b i o t i c s  
(cephradine,  vancomycin, tobramycin and o l^dom yc in )  and dyes ( b r i l l i a n t  
g re e n ,  g e n t i a n  v i o l e t  and c r y s t a l  v i o l e t )  i n  o r d e r  t o  a s s e s s  w h e th e r  
t h i s  i s  a usefu l  b a s i s  fo r  c l a s s i f i c a t i o n .
3. To i n v e s t i g a t e  the  end products  of the  fe rm en ta t ion  of some sugars  
o the r  than glucose  (ga lac tose ,  rhamnose and mannose) in  order  to  a s s e s s  
whether t h i s  i s  a usefu l  b a s i s  fo r  c l a s s i f i c a t i o n .
4. To in v e s t ig a t e  the  p a t t e rn s  of  fe rm en ta t ion  o f  18 amino ac id s ,  and 
to  study the  amino ac id  and amino sugar composit ion of  the c e l l  w a l l s  of  
the  members of AG+C in  order to  a s s e s s  whether these  a re  a usefu l  b a s i s  
fo r  the  c l a s s i f i c a t i o n .
5. To produce  schemes f o r  th e  i d e n t i f i c a t i o n  o f  th e  m e d i c a l l y  
s i g n i f i c a n t  s p e c i e s  o f  th e  genus P e p to c o cc u s .  P e p t o s t r e p t o c o c c u s .  
Sarc ina and Streptococcus .
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1• Isolation and Identification of anaerobic Gram-positive cocci
1.1 M ate r ia l s  and Methods
1.1.1. Source  o f  c u l t u r e s
A t o t a l  of 116 s t r a i n s  of  AG+C i s o l a t e d  from c l i n i c a l  m a te r i a l s  in 
S t .  Luke 's  H o s p i t a l ,  G u i l d f o r d  and S t .  Thomas’s H o s p i t a l ,  London a s  
summarised  in  Tab le  2.1 .1 .  A l l  spec im ens  were  r o u t i n e l y  examined f o r  
a n a e r o b i c  b a c t e r i a .  The r e f e r e n c e  s t r a i n s  (24) l i s t e d  i n  T ab le  2.1.2 
were obtained from the  American Type Culture  Col lec t ion  (ATCC), V i rg in i a  
P o l y t e c h n i c ,  I n s t i t u t e  and S t a t e  U n i v e r s i t y ,  B la ck sb u rg ,  Va (VPI) and 
the  National Col lec t ion  o f  I n d u s t r i a l  B ac te r ia  (NCIB).
1.1.2. I s o l a t i o n  o f  Organisms
The specimens were s treaked  onto f r e sh ly  prepared blood agar p l a t e s  
using a swab or a s t e r i l e  pla tinum loop. The remainder of the specimen 
was incubated in chopped meat medium. The inocula ted  blood agar p l a t e s  
were placed in  anaerobic  j a r s .  Smith and Holdeman (1968) recommended 
th e  i n c u b a t i o n  o f  a s t r i c t  anae robe  in  t h e  j a r  t o  a c t  a s  a c o n t r o l  f o r  
adequate anaerob ios is ,  th e re fo re  an inocula ted  blood agar w i th  a c u l tu re  
of Cl* -tetani was used fo r  t h i s  purpose.
1.1.2.1 Anaerobic J a r  Method
1.1.2.1.1. A c t i v a t i o n  of palladium c a t a l y s t
A m o d i f i e d  s a c h e t  ( B a l d w i n ,1975) c o n t a i n i n g  8.5g o f  p a l l a d i u m  
c a t a l y s t  w a s - r e a c t i v a t e d  each t im e  th e  j a r  was used (Dowel l ,  1972; 
Holdeman and Moore, 1972a, W i l l i s ,  1977) by h e a t i n g  t o  160°C f o r  90 
minutes.  Reactivated c a t a l y s t  was s to red  in sea led screw capped j a r s  in  
a warm place.
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Table 2.1.1 The sources of the isolated AG+C.
Source of isolates Strain No No of isolates
Female uro-genital tract infections 30
- Septic abortion ! (HVS) 22, 36, 37, 65, 70, 95, 113
- Pus from uterus 25, 55, 58, 64, 66, 73, 84
- HVS 71, 87, 97, 99, 104
- Bartholin's abscess 29, 40, 86
- Post-operative (HVS) 43, 112
- Post-operative pyrexia 92, 94
- I.U.C.D. 62
- Post LSCS from a case of
tender uterus lochia
characterized by offensive
odour. 47
- Urethral swab 108, 111
External male genital infections 4
- Scrotal abscess 35, 72, 96
- Penis rash 21
Skin infections 31
- Ulcer swab 28, 44, 67, 75, 103
- Lip abscess 32, 42, 49, 90
- Pus from paronychia 23, 57, 79
- Pilonoidal sinus abscess 27, 83, 109
- Sebaceous cyst 34, 63, 76
- Buttock abscess 35, 72, 96
- Hip ulcer 96, 102
- Swab from purulent lacerated
thigh 53
- Groin abscess 26
- Finger infection 51, 80
- Finger abscess 20, 50
- Swab from ambilical sore 91
- Axillary abscess 49
Wound infections 17
- Pus from wounds 31, 39, 60, 77, 89, 105, 114,
115
- Abdominal wound infections 46, 78, 88, 107, 116
- Discharge from abdominal
haematoma 54
- Discharge from abdominal
hyst-tovarian cystectomy 41
- Pin site wound 48
- Axillary abscess due to
wound 45
Ear infections 3
- Chronic ear infection 68, 100
- Aural swab 59
M i s c e l l a n e o u s 31
Pus swabs 15, 81, 110
- Unknown infections 1-14, 16-20 , 24, 33, 38, 56,
61, 82, 93, 101, 106
HVS = high vaginal swab; I.U.C.D. = Intra Uterine Contraceptive Device; LSCS = Lower 
Segment Caesarian Section.
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1.1.2.1.2. Preparation of McIntosh methylene blue indicator
Three  s t o c k  s o l u t i o n s  were  p r e p a r e d  as  f o l l o w s :  1. 67 g l u c o s e  
s o l u t i o n  in  d i s t i l l e d  w a t e r ,  t o  which a s m a l l  c r y s t a l  of  thymol was 
added as  p r e s e r v a t i v e ;  2. 6ml o f  o n e - t e n t h  normal sodium h y d ro x id e  
d i l u t e d  t o  100ml o f  d i s t i l l e d  w a t e r ;  3. 3ml of  aqueous m e th y le n e  b lu e  
(0.57) i s  the d i lu t e d  working so lu t ion .  1ml fo r  each s tock  s o lu t io n  was 
mixed in  a t e s t  tu b e ,  and b o i l e d  u n t i l  t h e  m e thy lene  b lu e  was reduced  
and placed immediately in a loaded anaerobic  j a r  before  securing.
The anaerobic j a r s  were prepared using the  evacuation-replacement 
method (Watt § t  a l . ,  1975). In t h i s  method the anaerobic  j a r  was f i t t e d  
w i t h  f r e s h e n e d  c a t a l y s t .  A tube  of  f r e s h l y  p re p a re d  m e th y le n e  b lu e  
i n d i c a t o r  was p laced  in  th e  lo a d ed  j a r .  The j a r  was s e a l e d  and 
evacuated to  an i n t e r n a l  p ressure  of about-440rarn Hg by water pump; (the  
j a r s  were not used i f  they had showed any sign of leak ing).  After th ree  
s e r i e s  o f  p a r t i a l  e v a c u a t i o n  th e  a n a e r o b i c  j a r  was f i l l e d  w i t h  a gas  
mixture contain ing 907 hydrogen and 10% carbon dioxide  and l e f t  f o r  25 
minutes.  Since the c a t a l y s i s  c r e a te s  a reduced pressure  w i th in  the  j a r  
due t o  d e c r e a s e  in  th e  amount of  g a s e s ,  th e  v a l v e  t o  t h e  mixed g a s  
supply was reopened and the  j a r  was f i l l e d  wi th  mixed gas and incubated,  
the co lo u r le ss  appearance of the  methylene blue  in  the  i n d ic a to r  capsule  
which i s  a t t a c h e d  t o  t h e  a n a e r o b i c  j a r  d u r in g  t h e  i n c u b a t i o n  t o g e t h e r  
w i t h  the  p re sen c e  of swarming g ro w th  i n  th e  Cl. pe tcm i  p l a t e ,  were  an 
in d ic a t io n  of  good anae rob ios is  in the  j a r .
A f t e r  6 days  i n c u b a t i o n ,  th e  v a r i o u s  t y p e s  o f  c o l o n i e s  were  
examined and marked. On the  b a s i s  of primary screening using the  Gram 
s t a i n ,  th e  c o l o n i e s  o f  AG+C were p ic k ed ,  i n o c u l a t e d  i n t o  chopped meat  
media  (C.M.) and in c u b a te d  f o r  24 h. O ther  m ic r o m o r p h o lo g ie s  were  
exc luded  in  t h i s  s tudy .  The c u l t u r e s  o f  AG+C were t r a n s f e r r e d  t o  t h e  
m ic rob io log ica l  labora to ry  in Surrey Univers ity  fo r  f u r th e r  study.
1.1.3. Select ion* p u r i f i c a t i o n  and s to rage  of the  c u l tu re s
All s t r a i n s  were pla ted  in p a r a l l e l  on th re e  Brain Hear t  In fus ion  
Agar (BHIA) p la te s ;  one of which was incubated a e r o b ica l ly ,  the  second 
in  candle j a r ,  and the t h i r d  in an anaerobic  atmosphere (con ta in ing  655
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T a b le  2.1.2 The reference and the frgsh strains tested for the utilisation 
of 18 amino acids.
Sources
Species Reference strains Fresh isolates
Gaffkya anaerobia VPI-6288 81
1
Megasphaera elsdenii ATCC 25940 15
Peptococcus asaccharolyticus ATCC 14963 , ATCC 29743 25,60,103
Peptococcus aerogenes NCIB 10074
Peptococcus indolicus ATCC 29427
Peptococcus anaerobius- ATCC 14956
Peptococcus variabilis ATCC 14955
Peptococcus magnus ATCC 29328 79
Peptococcus glycinophilus ATCC 23195
Peptococcus niger ATCC 27731
Peptococcus prevotii ATCC 14952 13,98
Peptococcus saccharolyticus ATCC 14953 83
Peptostreptococcus anaerobius ATCC 27737 35,87
Peptostreptococcus micros ATC C 33270 69
Peptostreptococcus parvulus VPI 0546
Peptostreptococcus productus ATCC 27340 74
Sarcina ventriculi VPI 6218 '
Streptococcus constellatus ATCC 27823, ATCC 27573
Streptococcus intermedius ATCC 27335 83,112
Streptococcus morbillorum ATCC 27527, ATCC 278824
Veillonella parvulus * ATCC 10790
* = Gram negative cocci 1 = Gram variable cocci
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N it ro g e n ;  5% Hydrogen and 10% CC^) in  an a n a e r o b i c  c a b i n e t  (Forma  
S c i e n t i f i c ,  model 1024/1028 Anaerob ic  Glove C ab in e t ) .  A l l  p l a t e s  i n  
d i f f e r e n t  a tm o s p h e r e s  were  i n c u b a t e d  a t  37°C f o r  6 days .  A f t e r  t h i s  
p e r i o d  o f  i n c u b a t i o n ,  th e  s t r a i n s  were  a c c e p t e d  a s  AG+C i f  they  had 
grown only  a n a e r o b i c a l l y .  One pure  co lony was p icked  and used f o r  
subsequent inocu la t ion  of CM medium and f o r  Gram s ta in .  The inocu la ted  
CM medium was in c u b a t e d  in  an a n a e r o b i c  c a b i n e t  o v e r n i g h t ,  s t o p p e r e d  
f i rm ly ,  and the c u l tu re  was preserved a t  4°C u n t i l  needed.
1.1.4. I d e n t i f i c a t i o n  o f  the  i s o l a t e s :-
Unless o therwise  noted,  the  i d e n t i f i c a t i o n  of the  i s o l a t e s  in  t h i s  
s tudy  was based  on t h e  method d e s c r i b e d  by Holdeman, Cato and Moore 
(1977),  in  4 t h  ed. o f  th e  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  L a b o r a to r y  
Manual o f  Anaerobes ,  Tab le  1.8. According  t o  t h e i r  p r o c e d u r e s ,  AG+C 
w e r e ' i d e n t i f i e d  on the  b a s i s  of  morphology, biochemical examination and 
the  d e tec t io n  of the end products from the fe rm en ta t ion  in peptone y eas t  
e x t r a c t  g lu c o s e  or chopped meat g lu c o s e  media  by means o f  Gas l i q u i d - '  
chromatography (GLC).
1.1.4.1. Morphology
The study of morphology of AG+C was achieved mainly by Gram s t a i n  
reac t ion  (Kopeloff m od if ica t ion )  o f  24 hour CM media c u l t u r e s  ( e i t h e r  
p o s i t i v e  or n e g a t i v e ) .  The a r r a n g e m e n t  o f  c e l l s  was r e c o r d e d  a s  
f o l l o w s :  s i n g l e s ,  p a i r s ,  t e t r a d s ,  p a c k e t s ,  c l u s t e r s  and c h a i n s .  C e l l  
s i z e  was not measured as t h i s  c h a r a c t e r i s t i c  i s  v a r iab le .
1.1.4.2. Biochemical Exami n a t i o n :
1.1.4.2.1.  Carbohydra te  fe rmenta tion
C arbohydra te  f e r m e n t a t i o n  t e s t s  i n c lu d e d  a r a b i n o s e ,  c e l i o b i o s e ,  
f ru c to se ,  glucose,  l a c to se ,  maltose,  mannose, s o r b i t o l ,  sucrose ,  xylose  
and aescu l in  and s ta r ch  hydro lysis .  The basal  medium was peptone y e a s t
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e x t r a c t  c o n t a i n i n g  0.5g f o r  b o th  pep tone  and t r i p t i c a s e ;  1.0g y e a s t  
e x t r a c t ;  and 0.4 mi s a l t  s o l u t i o n  (Holdeman e t  a l . ,  1977) pe r  100 of  
d i s t i l l e d  water.  The basa l  medium was supplemented (per 100ml) wi th  0.5 
^jg o f  v i t a m i n  K^J O.pmg of  haem in ,  0.05 g o f  c y s t e i n e  h y d r o c h l o r i d e  as  
reducing agent,  0.0001 g o f  r e sazu r in  as an in d ic a to r  of anaerob ios is ;  
and 0.02 ml of Tween-80. All sugars  were added to  the basa l  medium in  a 
f i n a l  concen tra t ion  o f  1 % except fo r  a escu l in  0.5f>.
1.1.4.2.2.  T e s t  f o r  c a t a l a s e  p r o d u c t i o n .
0.5 ml o f  24 hour chopped meat  c u l t u r e  was exposed t o  a i r  f o r  a t
l e a s t  30 m in u te s  ( i n  a s m a l l  t u b e ) .  0.5 ml o f  3% ^2^2  was ac*ded. 
c o n t in u o u s  b u b b le s  a r e  observed  t h e  r e a c t i o n  i s  p o s i t iv e  fo r  c a t a l a s e
product ion.
1.1.4.2.3.  T e s t  f o r  indo le  production
Two ml of CM medium (24 hr old a f t e r  good growth was observed) were 
a s e p t i c a l l y  p i p e t t e d .  One ml o f  x y le n e  was added. The c o n t e n t s  w ere  
shaken w e l l  in  s m a l l  t e s t  tu b e  and l e f t  f o r  two m in u te s .  0 .5 rnl o f  
E h r l i c h ’s r e a g e n t  was s low ly  added down s i d e  of  th e  t u b e .  P ink  or  
fu chs ia  r ing  w i th in  15 min was p o s i t iv e ,  yellow r ing  was negative .
1.1.4.2.4. Test  f o r  Coagulase  p r o d u c t i o n :
0 .5 ml of  1:3 d i l u t i o n  o f  r a b b i t  p lasm a in  a s m a l l  tu b e  was 
i n o c u l a t e d  w i t h  two d ro p s  o f  24hr b r o t h  c u l t u r e  (f rom CM medium) and 
in c u b a t e d  f o r  4 hou rs  a t  37°C in  t h e  a n a e r o b i c  c a b i n e t .  C l o t t i n g  o f  
plasma was recorded as p o s i t iv e  fo r  the presence of coagulase.
1.1.4.2.5.  T e s t  f o r  a e s c u l in  hydro lys is
The a b i l i t y  o f  i s o l a t e s  t o  h y d r o ly s e  a e s c u l i n  t o  a e s c u l e t i n  and 
glucose  was t e s t e d  as fo llows: Two or th ree  drops of Yb f e r r i c  ammonium 
c i t r a t e  so lu t ion  to  c u l tu r e  in  aescu l in  medium, which was incubated  f o r  
24 hr.  and t o  n o n - i n o c u l a t e d  a e s c u l i n  medium (which  s e r v e s  a s  c o n t r o l  
t e s t ) .  The im m edia te  b r o w n i s h - b l a c k  c o l o u r  r e a c t i o n  was r e a d  a s  
po s i t iv e ,  and no colour change as negat ive.
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1*1.4.2.6 . T e s t  f o r  n i t r a t e  reduction
N i t r a t e  r e a g e n t s .
N i t r a t e  reagen ts  (A and B) were prepared as  recommended by S u t t e r  
e t  a l . ,  ( 1975).
Reagent A:
0.5g o f  s u l f ' a n i i i c  a c i d  ana 30ml o f  g l a c i a l  a c e t i c  a c i d  were  
d is solved in  120ml of d i s t i l l e d  water.
Reagent B:
120 ml of  d i s t i l l e d  w a te r  were  added t o  0.2g o f  C leve ’s a c i d  (1 -  
naphthylamine-7 sulphonic  acid) and d is so lved  by warming in  water bath.  
The so lu t io n  was f i l t e r e d  and cooled then 30 ml of g l a c i a l  a c e t i c  acid  
were added.
The a b i l i t y  o f  th e  t e s t  s t r a i n  t o  red u ce  n i t r a t e  t o  n i t r i t e  was 
e s t i m a t e d  by growing  th e  o rgan ism  in  i n d o l e - n i t r a t e  medium (BBL), 
supplemented with  haemin and viramin Since cys te ine  reduces n i t r a t e  
and r e sazu r in  i n t e r f e r e s  with  c o lo r im e t r i c  reading, these  compounds were 
ommitted. Indole  n i t r a t e  medium was prepared,  inocula ted  and incubated 
in  t h e  a n a e r o b i c  c a b i n e t  a s  m en t ioned  f o r  c a r b o h y d r a t e  f e r m e n t a t i o n .  
One ml o f  N i t r a t e  Reagent  A and 0.5 ml o f  N i t r a t e  r e a g e n t  B were  added 
to  the c u l tu re  in  n i t r a t e  medium. The con ten ts  were mixed and allowed 
t o  s t a n d  f o r  5 mins.  Red c o l o u r  i n d i c a t e d  t h e  p re sen c e  o f  n i t r i t e  and 
was read as p o s i t iv e  r e a c t io n  fo r  n i t r a t e  reduction.  A l i t t l e  z in c  dus t  
was added t o  t h e  c u l t u r e s  t h a t  showed no c o lo u r  change. Red c o l o u r  
a f t e r  t h e  a d d i t i o n  o f  z i n c  was r e c o r d e d  a s  n e g a t i v e  and no c o l o u r  was 
read  as  a co m p le te  r e d u c t i o n  f o r  n i t r a t e .  In  o r d e r  t o  check  f o r  z i n c  
powder a c t i v i t y  and t h e  r e d u c t i o n  o f  n i t r a t e  t h a t  may r e s u l t  from th e  
reduc t ive  ac t ion  in  the  medium, a contro l  t e s t  fo r  n i t r a t e  reduc t ion  was 
applied to  uninoculated n i t r a t e  medium.
1.1.4.2.7.  T e s t  f o r  s t a r c h  h y d r o l y s i s .
Two t o  t h r e e  d rops  o f  Gram’s i o d i n e  were  added t o  t h e  c u l t u r e  in  
s t a r c h  medium. The c o lo u r  change o b se rv ed  im m e d ia t e ly .  No c o l o u r
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change was taken as p o s i t i v e  fo r  s ta r ch  hydro lys is ,  and b lu e -b lack i sh  
colour as negat ive.
1.1.4.2.8. Prepara t ion  of  .the media fo r  biochemical t e s t s
The pre - reduc t ion  o f  the  media was c a r r i e d  ou t  in s id e  the  anaerobic  
c a b i n e t  (D ra sa r  and Crow the r ,  1971; D r a s a r ,  1974 and Peach, .g£ 
a l . , 1973) r a t h e r  than  u s in g  th e  equ ipm en t  f o r  th e  p r e p a r a t i o n  o f  th e  
pre-reduced media as described by Holdeman e t  .al (1977). The method was 
pe r fo rm ed  as  f o l l o w s :  The weighed  s o l i d s  were  d i s s o l v e d  by m a g n e t i c
s t i r r i n g  hot p la te .  The medium conta ining re sazu r in  was bo i led  u n t i l  
th e  c o lo u r  of t h i s  i n d i c a t o r  changed from p ink  to  c o l o u r l e s s .  The 
b o t t l e  was stoppered and l e f t  to  cool. The pH was ad jus ted  to  7.0 -  7.1 
using 8N NaOH and 5 N HC1 (usual ly the colour  of the  medium became pink) 
and placed in the  anaerobic cab ine t  u n t i l  the  gases were exchanged i .e.  
the  r e sazu r in  in d ic a to r  became co lour le ss .  Vitamin K-j» haemin s o lu t io n  
and c y s t e i n e  were  added and th e  medium was mixed by i n v e r s i o n  and 
d i s p e n s e d  in  3ml l o t s  w i t h  a Cornwal l  s y r i n g e  i n  B i jo u  b o t t l e s  (5ml) .  
The media  were  a u t o c l a v e d  a t  15l b s / i n ^  f o r  15 rain, and c o o led  a t  room 
temperature.
1.1.4.2.9 Storage of the  Prepared Media
The media  were s t o r e d  in  an a n a e r o b i c  j a r  and k e p t  a t  4°C i n  t h e  
c o ld  room u n t i l  needed. Any b o t t l e s  t h a t  became p ink  b e f o r e  use  w ere  
discarded.
1.1.4.2.10. I n o c u l a t i o n  and Incubation
A l l  media were  i n o c u l a t e d  ( in  an a n a e r o b i c  c a b i n e t )  w i t h  5 d ro p s  
from pure-24 h -c u l tu re  in chopped meat media, and incubated in  anaerobic  
atmosphere contain ing 857 nit rogen; 107 carbon dioxide  and 57 hydrogen 
in  an anaerobic cabinet,  a t  37°C fo r  3 days.
The fe rm enta t ion  of carbohydrates  was determined by measuring the  
a c i d i t y  d i r e c t l y  i n  t h e  in c u b a t e d  c u l t u r e  by pH m e te r  and long  t h i n '  
c o m b in a t io n  e l e c t r o d  (OHION Combina t ion  pH C a ta logue  Ho. 91 .15) .  The 
reading was compared with  t h a t  of non-inoculated but incubated medium. 
The r e s u l t s  were  r e c o rd e d  as  f o l l o w s :  below pH 5.5 was a c i d ,  5.5 t o  6
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was weak a c i d ,  and above  6 was n e g a t i v e  p r o d u c t i o n  ( w i th  e x c e p t i o n  o f  
x y lo s e ,  a c i d  = below 5 .7 ).
1.1.4.3.  G a s - l i q u id  Chromatography
A Perkin-Elmer gas chromatograph (model F11), f i t t e d  w i th  a f lame 
io n iza t io n  de tec to r ,  was used through t h i s  study.
1.1.4.3.1.  I l p e  o f  Column
Pyrex g l a s s  column of  6 f t .  leng th  with  an i n t e r n a l  d iameter  of  3mm 
was packed w i th  5% f r e e  f a t t y  ac id  phase (on Chrornasorb G), ac id  washed, 
.of 80-100 mesh.
1.1.4.3.2.  C o n d i t io n  o f  Chpomatograph
The g a s  ch rom atog raph  was o p e r a t e d  i s o t h e r m a l l y  a t  140°C, w i th  
hydrogen as  a c a r r i e r  gas , the  flow r a t e  was 40ml per min.
1.1.4.3.3. Ex t rac t ion  of' v o l a t i l e  f a t t y  ac id s  and a lcohols
One ml of incubated peptone yeas t  e x t r a c t  glucose  medium (PYG) was 
a c i d i f i e d  w i t h  0.2 ml o f  50$ aqueous s u l p h u r i c  a c i d  in  a sc rew  capped 
b o t t l e .  0.4g c f  NaCl and 1mi of d ie th y l  e th e r  were added. The v i a l  was 
c losed and the  contents  were mixed wi th  g en t le  invers ion  and c en t r i fu g e d  
f o r  5 min a t  4000 rpm. Ten m i c r o l i t e r s  o f  th e  e t h e r  l a y e r  a t  t h e  to p  
was in je c ted  in to  the  column using a Hamilton micro-syringe.
1.1.4.3.4. Ex t rac t ion  of  H o n - y p l a t i l e  F a t t y  Acids
One ml of  c u l t u r e  in  PYG medium was a c i d i f i e d  w i t h  0.4ml o f  50% 
H2SO4 in  a r e a c t i - v i a i  (5ml).  Two ml o f  m e thano l  were  added and th e  
v i a l  was s to p p e r e d  and h e a te d  in  d r y - b l o c k  h e a t e r ,  a t  60°C f o r  30 min. 
One ml o f  w a t e r  and 0.5ml of c h lo ro fo r m  were  added and th e  v i a l  was 
s t o p p e r e d  and t h e  c o n t e n t s  were mixed w i t h  g e n t l e  i n v e r s i o n .  Ten 
m i c r o l i t e r s  from the chloroform layer  a t  the bottom were i n j e c t e d  onto 
the  column.
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Peaks  on t h e  chromatogram were  compared w i t h  th o s e  o f  s t a n d a r d  
so lu t io n  and i d e n t i f i e d .
1.1.4.3.5.  S ta n d a rd  S o l u t i o n
S ta n d a rd  s o l u t i o n s  o f  v o l a t i l e  and non v o l a t i l e  f a t t y  a c i d s  and 
a lcohols  were obta ined from C l in ic a l  Analysis Products Co. (Capco). The 
s t a n d a r d  s o l u t i o n s  c o n t a i n  one m i l l i e q u iv a l e n t  of each compound/100ml 
aqueous so lu t ion .  The v o l a t i l e  ac id  s tandard so lu t io n  con ta ins  fo rm icy 
a ce t ic ,  propionic,  i sobu ty r ic ,  bu ty r ic ,  i s o v a l e r i c ,  v a l e r i c ,  i socapro ic  
and c a p r o i c  a c i d s .  The a l c o h o l  s t a n d a r d  s o l u t i o n  c o n t a i n s  e t h a n o l ,  
p ropano l  i s o b u t a n o l ,  b u t a n o l ,  i s o p e n t a n o l  and p e n t a n o l .  The non­
v o l a t i l e  ac id s  s tandard so lu t io n  conta ins  pyruvic,  l a c t i c  and succ in ic  
ac ids .
For the  purpose of the i d e n t i f i c a t i o n  of the  c u l tu r e s  of  AG+C, the  
presence or absence of the products  was recorded as p o s i t iv e  or negat ive  
re sp ec t iv e ly .  Analysis of methylated d e r iv a t iv e s  i s  e s s e n t i a l  when no 
v o l a t i l e  f a t t y  ac id  or only a c e t i c  ac id  i s  de tec ted  in  the e th e r  e x t r a c t  
(Moore and Holdeman 1972).  L a c t i c  a c i d  was c o n s i d e r e d  t o  be a m a jo r  
p ro d u c t  from g lu c o s e  i f  i t  had exceeded t h a t  o f  th e  s t a n d a r d  s o l u t i o n  
(more than 1 meg/100ml).
At t h e  e a r l y  s t a g e  of  t h i s  s tu d y ,  i t  was observed  t h a t  when t h e  
p re p a red  media  were s t o r e d  i n  the  c o ld  room a e r o b i c a l l y  a t  4°C, t h e  
r e s a z u r i n  i n d i c a t o r  in  some b o t t l e s  changed from c o l o u r l e s s  t o  p in k  
colour.  This i n d ic a te s  t h a t  the  anaerobic atmosphere in the b o t t l e s  was 
exchanged w i th  the  environmental  oxygen. On the  o ther  hand t h e r e  was a 
r e g u l a r l y  r e c u r r i n g  problem in  o b t a i n i n g  an a d e q u a t e  a n a e r o b i c  
atmosphere in  the  anaerobic cab ine t  due to  leaks  through long used v in y l  
s leeves  and the door gaske ts  leading t o  rap id  exhaust ion of the  c y l in d e r  
supply. Usually the mixed gas takes  a t  l e a s t  one week to  be d e l ive red ,  
in  add i t ion  the  lack  of spare cy l inde rs  makes i t  d i f f i c u l t  to  m ain ta in  
t h e  c o n t i n u o u s  a n a e r o b i c  c o n d i t i o n  i n  t h e  a n a e r o b i c  c a b i n e t .  
S u bsequen t ly  i n c o n s i s t e n t  r e s u l t s  were o b t a i n e d  f o r  th e  b i o c h e m i c a l  
t e s t s .  In order  to  minimise such problems the  following remarks were 
considered:
a) Im proper  screw caps  and th o s e  b o t t l e s  w i t h  broken r i m s  were  
excluded;
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b) The prepared media were s to red  in  anaerobic  j a r s ;
c) The inocula ted  b o t t l e s  were f i rm ly  stoppered (to ensure t h a t  each 
b o t t l e  has i t s  own anaerobic  atmosphere) and incubated in  the  anaerobic  
c a b i n e t  r a t h e r  th a n  a n a e r o b i c  j a r s ,  s i n c e  th e  c u l t u r e  g ro w th  was
examined da i ly .
d) In  any i n s t a n c e  th e  t e s t  was r e p e a t e d  i f  t h e  r e s a z u r i n  i n d i c a t o r  
had become pink before  opening the b o t t l e s  and r e s u l t s  read.
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Continued (Table 213
C h a r a c te r i s t i c
S t . in t e r m e d i u s U n id en t i f i e d  AG +  C
S t r a in s  no:
Acid from PY + the  
fo l lowing c a r b o h y d r a te :
A rab inose - - 9 /1 2  - - - 1/13 106
C ellobiose - + 12/12 + - - 3 /13 4 , 1 1 , 9 3
FructoJ e + + 12 /12  + - - 8 /13 4 , 6 , 1 1 , 1 4 , 3 8 , 5 6 , 8 2 ,
93.
Glucose + + 12/12  + + + 6 /13 4 , 1 1 , 3 8 , 6 1 , 8 2 , 9 3
Lactose + - 12 /12  + - - 1 /13 4 ,
Maltose + + 12/12  + + - 5 /13 4 , 1 1 , 3 8 , 8 2 , 9 3
Mannose + + 12 /12  + + + 6 /1 3 4 , 6 , 1 1 , 1 4 , 3 8 , 9 3
Sorbito l - - 0 /1 2  - - - 1 /13 82
S u c r o s e + + 12 /12  + + + 2/1 3 1 1 ,9 3
X ylose - - 4 /1 2  - - - 0 /1 3
A escu l in  hydrolysis + - 1 1 /12  + - - 3 /1 3 1 4 ,3 3 ,1 0 1
S ta rc h  h y d r o ly s i s - - 3 /1 2  - - - 0 /1 3
Indole  p ro d u ct io n - - 0 /1 2  - - - 3 /13 2 4 , 5 6 ,1 0 1
N itrate  r ed u c t io n + 0 /1 2  - - - 1 /13 106
Cata lase  prod u ct ion - - 0 /1 2  - - - 1 /13 61
C o a g u la se  p rodu ct ion  
D e tec t ion  of  th e  fo l lowing end--p rod u c t
0 /1 2  -  
s from PYG:C
0 /1 3
Ethanol + - 0 /1 2  - - - 4 /1 3 1 1 , 3 3 , 5 6 , 6 1
A cet ic  Acid + + 7 /1 2  + + + 12/13 4 , 6 , 1 1 , 1 4 , 2 4 , 3 3 . 3 8 ,
5 6 , 6 1 , 8 2 , 1 0 1 , 1 0 6
Propionic  acid - - 0 /1 2  - - - 4 /1 3 1 1 , 5 6 ,6 1 . 1 0 1
I sa b u ty r ic  acid - - 0 /1 2  - - - 2 /1 3 24 .101
B u ty r ic  acid + - 0 /1 2  - - - 5 /13 4 , 1 4 , 2 4 , 5 6 , 1 0 1
Iso v a ler ic  acid - - 0 /1 2  - -  . - 4 /1 3 4 , 1 1 , 1 4 , 2 4
Valeric  acid - - 0 /1 2  - - - 3 /1 3 1 1 , 1 4 ,2 4
Isocaproic  acid - - 0 /1 2  - - - 5 /13 4 , 1 1 , 2 4 , 6 1 . 1 0 6
Caproic  acid - - 0 /1 2  - - - 1 /13 11,
P y r u v ic  acid - - 0 /1 2  - + - 4 /1 3 4 , 3 3 , 3 8 , 6 1
Lact ic  acid - + 12 /12  + + + 1/13 93
S u cc in ic  acid + + 10 /12  + + + 13/13 4 , 6 , 1 1 , 1 4 , 2 4 , 3 3 , 3 8 ,
5 6 , 6 1 , 8 2 , 1 0 1 , 1 0 6
a = Num ber of  s t r a in s  p o s i t i v e /n u m b e r  o f  s t r a in s  t e s t e d
b = Lact ic  ac id  is c o n s id e r e d  p o s i t iv e  if  i t ' s  amount had e x c e e d e d  that o f  th e  s ta n d a r d  
s o lu t ion  (more th an 1 meg/lOOml)
£  = Formic acid  was not d e t e c t e d .
d = All o f  th e  tour  s t r a in s  o f  P s t .  micros  formed c h a in s
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1.2 Results
1.2.1. Result s  o f  ' c h a r a c t e r i s a t i o n  t e s t s :
The r e s u l t s  of the biochemical p r o p e r t i e s  of  the 116 f r e s h  i s o l a t e s  
and t h e  r e f e r e n c e  s t r a i n s  o f  AG+C a r e  summarised  in  Tab le  2.1.3.  The 
number of  i s o l a t e s  a re  in d ica ted  as  the  f r a c t i o n  p o s i t iv e  of the t o t a l  
i d e n t i f i e d .  The weak acid  production from carbohydrates  was considered 
as  a p o s i t i v e  r eac t ion .  Thus the  i s o l a t e s  were i d e n t i f i e d  on the b a s i s  
of biochemical r e a c t io n s  and the  a n a ly s i s  of the  end-products from the  
fe rmenta t ion  PYG medium by means o f  G.L.C. a s  recommended by Holdeman e t  
a l . ,  (1977).
1.2.1.1. Charac ters  Common to  a l l  S t r a in s :
All of the  s t r a i n s  s tud ied  shared c e r t a in  f e a tu r e s  in  common. They 
were  a l l  o b l i g a t e l y  a n a e r o b ic  Gram p o s i t i v e  c o c c i .  They o c c u r r e d ,  in  
s ing les ,  p a i r s ,  t e t r a d s ,  shor t  or long chains. Usually the chains  were 
n o t  e a s i l y  observed .  Peptone y e a s t  e x t r a c t  w i t h o u t  a d d i t i o n  o f  
carbohydrate supported t h e i r  growth. The s t r a i n s  grew a t  37°C, ana a l l  
b io c h e m ic a l  t e s t s  were  c a r r i e d  ou t  a t  t h i s  t e m p e r a t u r e .  The G.L.C. 
p r o f i l e s  showed th a t  a l l  s t r a i n s  produced a c e t i c  acid  ana l a c t i c  acid .
1.2.1.2. I d e n t i f i c a t i o n  of  the  s t r a in s .
One hundred and th ree  (89%) oat of 116 i s o l a t e s  were considered to  
be d i f f e r e n t  from each o ther  a t  the  spec ies  l e v e l  (Table 2.1.4). These 
were  P s t .  a n a e r o b i u s  (26.7%), Pc. magnus  (19%), S t r .  a s a c c h a r o l v t i c u s  
(6 .9%),  Pst_. m i c r o s  (3 .5%),  Pc_. s a c c h a r o l ^ t i c u s  (2 .6%), G a f f k j a 
anaerobia (1.7%). and Meeasphaera e l s d e n i i  (0.9%). -Thirteen (11.2%) ou t  
of 116 s t r a i n s  could not be spec ia ted.
Table  2..1.U  Summary  of  i den t i f i ed  i sola t es  an d  de s i gn a t i o n
Spec ie s  __________________ S t r a in  n u m b e r s ______________________ n o . o f  s t r a i n s  % of  to t al  col l ec t i on
Gaf fkya  a n ae ro b i a 62,81 2 1.7
Megaspha  e r a  e l s d e n i i 15 1 0 .9
Pep toc occ us  a s ac c h a r o l 9 , 2 5 , 5 5 , 6 0 , 8 9 , 9 7 , 1 0 3 ,1 1 1 8 6 .9
y t i c u s
Pep t oco cc us  m ag nu s 3 , 5 , 2 9 , 3 1 , 3 6 , 4 9 , 5 1 , 5 2 , 6 7 , 7 1 ,  
7 2 , 7 9 , 8 6 , 9 1 , 9 4 , 1 0 0 ,1 0 4 ,1 0 9 , 1 1 3 ,1 1 5
22 19.0
Pep toc occ us  s a c c h a r o l y - 68 ,76 ,83 3 2 .6
i t icus
Pep to coc cu s  p r ev o t i i 12 , 1 3 , 1 6 , 2 8 , 30 ,3 7 , 4 3 , 5 8 , 77 , - 85 ,9 8 11 9 .5
P ep toc occ us  s p p 6 , 1 4 , 2 4 , 3 3 , 3 8 , 5 6 , 6 1 , 8 2 , 1 0 1 9 7 .8
P e p to s t r e p t o c o c c u s 1 , 8 , 1 0 , 1 8 , 1 9 , 2 1 , 2 2 , 2 6 , 2 7 , 3 2 , 3 4 , 3 5 , 31 26.7
a n a e ro b i u s 40,  4 1 , 4 4 , 4 5 , 4 7 , 4 8 , 5 4 , 5 7 , 6 3 , 6 6 , 7 0  
7 5 ,8 0 ,8 7 ,9 6 ,1 0 2 , 1 0 7 , 1 0 8 ,1 1 4 .
P e p t o s t r e p t o c o c c u s
micros 59 ,69 ,84 ,9 9 4 3.5
P e p t o s t r e p t o c o c c u s
p r o d u c t u s 2 , 7 ,2 0 , 4 2 , 5 0 , 7 4 , 8 8 , 9 2 , 1 1 0 . 9 7 .8
P e p to s t r e p t o c o c c u s
spp . 10,106 2 1.7
S t r e p to c o c c u s
in t e rm ed iu s 1 7 ,2 3 , 3 9 ,4 6 , 6 5 ,7 3 , 7 8 ,9 0 , 1 0 5 ,1 1 2 , 1 1 6 12 10.3
S t r e p to c o c c u s  spp . 93 1 0 .9
Uniden t i f i ed  an ae rob i c 4,11 2 1.7
Gram- po s i t i ve  cocci
TOTAL 116
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1.3 Discussion
S in c e  most o b l i g a t e  a n a e r o b i c  G r a m - p o s i t i v e  c o c c i  a r e  weakly  
s a c c h a r o l y t i c  o r  a s a c c h a r o l y t i c ,  a t  t h e  p r e s e n t  t h e  s p e c i f i c  
i d e n t i f i c a t i o n  o f  these  organisms r e q u i re s  a knowledge of t h e i r  general  
morphology by Gram reac t io n ,  biochemical t e s t s  and the a n a ly s i s  of the  
m e t a b o l i c  p r o d u c t s  by G.L.C. For t h e s e  r e a s o n s  t h e  methods  o f  VPI 
described by Holdeman, Cato and Moore (1977) were u t i l i z e d .
The p r e s e n t  r e s u l t s  showed t h a t  o f  116 c u l t u r e s  i s o l a t e d  fro m  
var ious  c l i n i c a l  specimens (p r im ar i ly  abscesses  and in fec ted  wounds), 53 
(45.7%) were Peptococcus spec ies  and 46 (39.7%) were Peptos treptococcus  
species .  Eleven percent (13 s t r a i n s )  of the t o t a l  i s o l a t e s  could not 
be i d e n t i f i e d  to  species  l e v e l ,  because of the  d i f f i c u l t y  of r e t a in in g  
v ia b le  c u l tu r e s  fo r  r e t e s t i n g .  The most f r equen t  i s o l a t e s  of AG+C were 
th e  s p e c i e s  o f  P s t .  a n a e r o b i u s  and Pc. magnus . f o l l o w e d  by t h e  s p e c i e s  
o f  S t r .  i n t e r m e d i u s .  Pc^ p rev  o t i i .  P s t .  p r o d u c t  u s , and  Pc.  
a s a c c h a r o l y t i c u s  r e s p e c t i v e l y .  The s p e c i e s  o f  P s t .  mi c r o s .  Pc. 
s accharo lv t icus .  G*. anaerobia  and jp. e l s d e n i i  represen ted  the minor i ty  
o f  AG+C. These f i n d i n g s  g e n e r a l l y  a g re e  w i t h  th o s e  o f  o t h e r  w o r k e r s  
(Moore, e t  a l . ,  1969; M ar t in ,  1971; P ien ,  e t  a l , ,  1972; M a r t in ,  1974; 
Graven, .et  a l . ,  1974; Hansen and S t e w a r t ,  1976; H i l l ,  1979; and 
F in e g o ld ,  1980a).  However,  t h e s e  c o n t r a d i c t  th e  r e s u l t s  o f  H o l lan d ,  
H i l l  and Altemier (1977); Holland e t  a l  (1977) and Porschen, and S ta lons  
(1976).  According t o  Hol land  e t  a l . .  Pc. magnus  was t h e  most commonly 
i s o la t e d  cocci (20%), whereas both spec ies  of  Pc* asaccharo ly .t icus  and 
Pc. prev o t i i :  Pc. in te rm ed ius : and Pst . anaerobius  accounted f o r  15, 10 
and 9% r e spec t ive ly .  Whilst  Porschen, and S ta lons  (1976) repor ted  t h a t  
t h e  mos t  f r e q u e n t  i s o l a t e s  of  AG+C were  Pc. a s a c c h a r o l y t i c u s  (29%) 
f o l l o w e d  by P s t .  a n a e r o b i u s  (20%); P s t .  magnus (11%); and P s t .  m ic r o s  
and S tr .  in te rmedius  (9%).
D e s p i t e  t h e  p r e v a l e n c e  o f  AG+C, most o f  t h e  p e p t o c o c c i  and 
pep tos t rep tococc i  are  d i f f i c u l t  t o  id e n t i fy  to  genus and spec ie s  l e v e l s  
because : (1) The i d e n t i f i c a t i o n  o f  AG+C i s  t e ch n ica l ly  d i f f i c u l t .  The 
most comprehensive procedures which c o n ta i n s  d e t a i l e d  b i o c h e m i c a l  and 
GLC p r o f i l e s  fo r  the  i d e n t i f i c a t i o n  of AG+C was described by Holdeman, 
e t  a l . ,  (1977).  O the r  w o rk e rs  (H o l land ,  e t  a l . ,  1977; F i n e g o l d ,  e t  a l . ,  
1978; S u t t e r  e t  a l . ,  1980, and R o s e n b l a t t ,  1980) have s e t  o u t  t h e i r
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schemes f o r  t h e  i d e n t i f i c a t i o n  o f  a n a e r o b i c  c o c c i  ( t h o s e  u s u a l l y  
e n c o u n te r e d  in  c l i n i c a l  m a t e r i a l s )  on th e  b a s i s  o f  VPI manual .  These 
s c h e m e s  i n c l u d e  s u c h  t e c h n i c a l  a d v an ces  a s  a n a e r o b i c  c a b i n e t s ,  
p r e r e d u ce d  a n a e r o b i c a l l y  s t e r i l i z e d  (PRAS) media ,  and g a s - l i q u i d  
chromatography. Many m ic rob io lg ica l  l a b o r a t o r i e s  have been r e l u c t a n t  to  
u t i l i z e  t h e s e  methods because  of  th e  t im e  consum pt ion ;  th e  c o s t  and 
complexity of the  equipment. (2) Because of the u n r e l i a b i l i t y  of Grarn- 
s t a i n  r e a c t io n  and the absence of chain format ion of c e r t a in  s t r a i n s  of  
f e p t p s t r e p t o c p c c u s ,  i t  i s  i m p o s s i b l e  t o  d i f f e r e n t i a t e  them 
m o r p h o l o g i c a l l y  from P ep tpcpccus  (S m i th  1975, and W i l l i ' s  1977). 
Therefore  the re  i s  doubt about the  i d e n t i t y  of  the  spec ies  of Pc* magnus 
(which i s  one of the commonest i s o l a t e s  in t h i s  study).  S t r a i n s  o f  £st* 
m ic ro s  p ro b ab ly  merge w i t h  th o s e  o f  Pc*. magnus due t o  t h e  b i o c h e m i c a l  
s i m i l a r i t y .  T h e i r  s e p a r a t i o n  was a c h ie v e d  by th e  r e c o g n i t i o n  o f  t h e  
c h a i n  f o r m a t i o n  o f  t h e  c u l t u r e s  o f  Pst*. m i c r o s .  The o n l y  
d i s c r im in a t iv e  ch a rac te r  i s  t h a t  the c e l l s  of  Pc*. magnus a re  l a r g e r  than 
th o s e  of  P s t .  m ic ro s  (Holdeman, e t  a l  1977). However, some s t r a i n s  o f  
Pc*. giagnus have small  c e l l s  (Smith, 1975 and West and Holdeman, 1973). 
This i s  in agreement with  the content ion of  Barnes (1980) t h a t  the  most 
u n re l i a b le  p ro p e r t i e s  in the c l a s s i f i c a t i o n  o f  a n a e r o b e s  a r e  th e  c e l l  
s i z e  and shape because  o f  t h e  ex t rem e  pleomorphisrn  e n c o u n te re d  among 
many anaerobes.  On the o ther  hand, i t  was Sneath (1972) who advocated 
th a t  fo r  the  adequate recogn i t ion  of a species  th e re  should be a t  l e a s t  
th ree  b a c te r io l o g ic a l  t e s t s  which separa te  the major i ty  of s t r a i n s  of 
two species.
The presen t  data in d i c a t e s  t h a t  spec ies  of  Peptococcus possessed a 
v a r i a b l e  r e s u l t  fo r  c a ta la se  production which s t reng thens  the f in d in g s  
o f  Gordon and Jong (1968);  Rogoss (1974b) and Holdeman e t  al** (1977) .  
In c o n t r a s t  Dowell  and Hawkins (1974) found t h a t  p e p t o c o c c i  .produce  
c a t a l a s e  and a r e  d i s t i n g u i s h a b l e  from pep tos t rep tococc i .  Herein, the  
s p e c i e s  o f  P ep tococcus  (.Pc. magnus* Pc*. a s a c c h a r o l y  t i c u s ,  and Pc. 
p r e y o t i i )  a re  common i s o l a t e s .  All these  organisms toge ther  wi th  the 
s p e c i e s  o f  Pst*, mgcrps,  some s p e c i e s  o f  Pst*. a n ae p o b iu s  and t h e  
r e f e r e n c e  s t r a i n s  o f  Pc. i n d o l i c u s ,  and Pc*. v a r i a b i l i s  £= a n a e r o b i u s )  
and Pc* r.iger a re  a saccha ro ly t ic .  Both the spec ies  Pc. a s a cch a ro ly t icu s  
and Pc. i n d o l i c u s  a r e  c h a r a c t e r i z e d  by t h e i r  p r o d u c t i o n  o f  i n d o l e .  
C u l t u r e s  o f  Pc* i n d o l i c u s  d i f f e r  from Pc* a s a c c h a r p l y t i c u s  in  t h e i r  
oroduction of coagulase.  The separa t ion  of a l l  these  anaerobic  cocci i s
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d i f f i c u l t  un less  the  metabolic  byproducts a re  analysed by GLC (Holdeman 
e t  al . . f 1977).  However t h e  m e ta b o l i sm  o f  a g iv en  s u b s t r a t e  by v a r i o u s  
o rg a n i s m s  t o  i d e n t i c a l  end p r o d u c t s  does  n o t  n e c e s s a r i l y  i n v o l v e  
i d e n t i c a l  e n z y m a t i c  r e a c t i o n  (Buckel  and B ark e r  1974). T h i s  i s  i n  
agreement with  the case of  Pp* magnus and Ps t .  micros and probably the  
same s i t u a t i o n  fo r  the p a i r s  of Pc. a saccha ro ly t icus  and Pc. aerogenes 
and  Pc .  magnus  and Pc.  y a r i a b i 1 i s  ( Pc.  a n a e r o b i u s ) ,  t h e r e f o r e  
c l a s s i f i c a t i o n  based  on p u t t i n g  t o g e t h e r  o rg a n i s m s  w i t h  s i m i l a r  end 
products should be rev ised  according to  the  na tu re  of these  products.
Herein, the  i s o l a t e s  o f  S t r .  in te rmedius  were s t r i c t  anaerobes,  and 
separa ted  from AC-+C on the  bases of  the  production of  l a c t i c  ac id  as  the  
major product from glucose ( i f  so, homo-fermentation -  S t rep tococcus : i f  
not, he te ro fe rm en ta t ion  -  Peptococcus or Peptos trep tococcus) . according 
to  the  recommendation of Holdeman e t  a l . .  (1977). The taxonomic s t a t u s  
o f  t h e  s p e c i e s  o f  S t r e p t o c o c c u s  ( S t r .  c o n s t e l l a t u s ,  S t r .  i n t e r m e d i u s ,  
and S t r .  mo r b i l l o r u m) t h a t  a r e  a e r o t o l e r a n t  t o  s t r i c t l y  a n a e r o b i c  i s  
d e b a t a b l e .  The s p e c i e s  o f  S t r .  i n t e r m e d i u s  was f i r s t  c l a s s i f i e d  a s  a 
member of the  genus Streptococcus (Prevot, 1925) ana t r a n s f e r r e d  to  the 
genus Peptostreptococcus (Smith, 1957).
A l l  of  t h e s e  o rg a n ism s  e x c e p t  S t r . (P c )  c o n s t e l l a t u s  a r e  ex c lu d ed  
from th e  new f a m i l y  P e p to co ccaceae  (Rogosa,  1974a),  s i n c e  t h e  main 
p r o d u c t  was l a c t i c  a c id .  They a r e  a l s o  exc luded  from t h e  new f a m i l y  
S t r e p t o c o c c a c e a e  (De ibe l  and S e e le y ,  1974) because  they  a r e  n o t  
f a c u l t a t i v e  an ae ro b e s .  However, Rogosa (1974a) in  t h e  same manual 
s u g g e s t e d  t h a t  b e c a u s e  t h e i r  m a j o r  f e r m e n t a t i o n  p r o d u c t  i s  
d e x t r o r o t a t o r y  l a c t i c  a c i d ,  they shou ld  be i c l u d e d  in  t h e  genus 
S t r e p t o c o c c u s , a view a l s o  h e ld  by Holdeman and Moore (1974) and 
Holaernan e t  a l . T (1977).  T h e r e f o r e  a l t h o u g h  t h e s e  o rg a n i s m s  a r e  
e x c l u d e d  f r o m  t h e  8 t h  ed .  o f  B e r g e y ’ s Manual o f  d e t e r m i n a t i v e  
Bacte rio logy,  .they are  included in  t h i s  study as s t r e p to co c c i  because 
these  organisms appear in the cu r ren t  l i t e r a t u r e  as members of the  genus 
S trep tococcus , and they are  f requent ly  i s o l a t e d  from c l i n i c a l  m a te r ia l  
tog e th e r  w i th  AC-+C. Thus taxonomic problems in  the AG+C e x i s t  because 
(a) many d i f f e r e n t  c l a s s i f i c a t i o n  schemes have been d e v e lo p ed  and (b) 
schemes without using GLC do not agree we l l  wi th  the VPI system such as 
t h a t  p roposed  by Dowel l  and Hawkins (1974) and (c) many synonymies a r e  
s t i l l  in  use.  Such prob lem s  w i l l  be d i s c u s s e d  in  more d e t a i l  i n  t h e  
sec t ion  on the  u t i l i z a t i o n  of amino ac id s  by AG+C.
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2, Ant imicrobia l  S u s c e p t i b i l i t y  Tests
2.1 M ate r ia ls  and Methods
A t o t a l  of 76 s t r a i n s  of AG+C were t e s t e d  a g a in s t  f i v e  a n t i b i o t i c s  
and t h r e e  dyes ,  u s in g  a g a r  p l a t e  d i l u t i o n  methods  t h r o u g h o u t  t h i s  
experiment.
2.1 .1 .  A n t im ic rob ia l  agents,
Laboratory standard powders: of  f iv e  a n t im ic ro b ia l  agents  and th re e  
dyes-were'-provided as fo l lows:  oleandomycin phosphate (Sigma, cata logue 
No., 06125),  vancomycin h y d r o c h l o r i d e  (Sigma, c a t a l o g u e  No., V.2002),  
gen tam ycin  s u l p h a t e  (Sigma,  c a t a l o g u e  No., G3632) and to b ra m y c in  
(Nebcin)'  and C ephrad ine  ( E l i  L i l l y  & Co.) was a g i f t  from St .  Luke’s 
Hospital ,  Guildford.  The th ree  dyes were b r i l l i a n t  green (BDH Cataloge 
No. 34015-4J),  Crystal  v i o l e t  (BDH Catalogue No. 34024-4K), and gen t ian  
v i o l e t  (BDH 34033-2J) .
2.1.2. Antimicrobia l  S u s c e p t i b i l i t y  Test
2.1.2.1.  S tock  S o l u t i o n s
The t e s t  a n t i b i o t i c  (128 mg) was d i s s o l v e d  in  50ml o f  s t e r i l e  
d i s t i l l e d  water to  give a s tock so lu t io n  o f  2560 jug/ml, and s t e r i l i z e d  
by f i l t r a t i o n .  Each dye O60nig) was d i s s o l v e d  in  200ml o f  d i s t i l l e d  
water to  give a concen tra t ion  o f  800 ^ig/ml and autoclaved fo r  15 min a t  
15 L b s / i n ^ .  Each s to c k  s o l u t i o n  ( e i t h e r  a n t i b i o t i c  o r  dye) was 
a s e p t i c a l l y  divided in to  volumes of 1ml in small  v i a l s ,  frozen a t  -20°C 
and s to red  u n t i l  needed.
2.1.2.2. P repara t ion  of  S t e r i l e  D i l u t i o n s .
On the  day of the  t e s t  a v i a l  of each stock so lu t io n  was thawed and 
d i l u t e d  in.  tw o fo ld  s t e p s  in  s t e r i l e  w a t e r  to  o b t a i n  th e  d e s i r e d  
c o n c e n t r a t i o n s  o f  a n t i b i o t i c  ( E r i c s s o n  and S n e r r e s ,  1971) in  B r u c e l l a  
a g a r  and 5% d e f i b r i n a t e d  sheep b lood; o leandom ycin  and c e p h r a d i n e  i n  
twofold d i l u t i o n s  from 64 to 0.125 p g / m l ;  vancomycin and gentamycin in  
twofold d i l u t i o n s  from 32 to  1 j jg/ml and tobramycin from 128 t o  ■Ijjg/ml,"
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o r  t o  o b t a i n  a f i n a l  dye  l e v e l  o f  2 .5  t o  40 >ug/ml i n  d o u b l i n g  
concen tra t ions .
2.1.2.3.  Media
• B ruce l la  agar medium conta ining 0.43g Bruce l la  agar;  0.25g agar per 
100ml of d i s t i l l e d  wa ter  was prepared as  recommended by Baily and S co t t  
(1974). The medium was dispensed in  screw capped b o t t l e s  and autoclaved 
fo r  15 min a t  15 lb s / in 2 .
2.1 .2.4.  P r e p a r a t i o n  of P la te  D i lu t ions
S u f f i c i e n t  screw capped b o t t l e s  o f  B r u c e l l a  a g a r  medium f o r  th e  
number of p l a t e s  to  be used were melted,  and allowed to  cool in a water 
bath to  50°C. The requ i red  concentra t ion  of a n t i b i o t i c . w a s  added to  the  
B r u c e l l a  ag a r  w i t h  5% d e f i b r i n a t e d  sheep  b lood . The medium was 
supplemented w i th  v i tamin  K-j; haemin; cy s te ine  ( f i n a l  concen tra t ion  of  1 
j jg/ml;  5 JJg/ml and 0.5mg/ml re spec t ive ly ) .  The p l a t e s  were prepared on 
the  day before  the  t e s t  and s to red  overn ight a t  room tempera ture  in  the 
a n ae ro b ic  cabinet.
2.1.2.5. Inocu la t ion  and Incubation of  the  Agar D i lu t ion  P la te s
The o rg a n i s m s  were  i n o c u l a t e d  i n t o  b r a i n  h e a r t  i n f u s i o n  b r o t h  
(Holdeman, Cato and Moore 1977),  and in c u b a t e d  a t  37°C f o r  48 h. 
Turbidity  was ad jus ted  with  b ra in  h e a r t  in fus ion  broth  to  t h a t  of. No.1 
McFarland s t a n a s r d .  A s t e e r s  r e p l i c a t o r  was used t o  i n o c u l a t e  t h e  
suspension, to  agar su r face s  i n  the anaerobic  cabine t .  At the  beginning 
and end o f  each s e r i e s  o f  t e s t s ,  two p l a t e s  o f  B r u c e l l a  a g a r  w i t h o u t  
a n t i b i o t i c s  were  i n o c u l a t e d  t o  s e r v e  as  g row th  and c o n t a m i n a t i o n  
c o n t ro l s .  ___  ___
A naerobic  i n c u b a t i o n  was c a r r i e d  o u t  f o r  48h a t  37°C in  an 
a n a e r o b i c  c a b i n e t  (Forma S c i e n t i f i c )  c o n t a i n i n g  a gas  m i x t u r e  o f  85% 
n i t r o g e n ;  10% carbon  d i o x i d e ,  and 5% hydrogen. Data were  d e l e t e d  i f  
poor or no growth occurred on the anaerobic growth con t ro l  p l a t e  o r  i f  
contamination  was evident.  The minimal in h ib i to ry  concen t ra t ion  (MIC) 
which  was d e t e r m in e d  a f t e r  48h i n c u b a t i o n  was d e f i n e d  a s  t h e  l o w e s t  
c o n c e n t r a t i o n  p e r m i t t i n g  no g row th ,  a b a r e l y  v i s i b l e  f i n e  haze  or no
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more th a n  one d i s c r e t e  colony ( E r i c s s o n  and S h e r r i s  1971; B a i l e y  and 
S co t t  1974, and S u t t e r ,  Citron and Finegold 1980).
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Symbols u sed . fo r  the  Figures ( 4 - 1 j )
.G-(___ A_ , Gaffkva anaerobius
H------ + ---------  , Megasphera e l s d e n i i
Pa v Peptococcus a saccha ro lv t icus
Mg----- x---- — - Peptococcus magnus
Pp— -  w— :------  Peptococcus p r e v o t i i
Ps n Peptococcus s accharo lv t icus
P2 ________  Peptos treptococcus  anaerobius
,Mi' n   Peptostreptococcus micros
d _____  Peptos treptococcus  productus
s i  _______  Streptococcus intermedius
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FIGURE 4 A n t ib i o t i c  s u s c e p t i b i l i t y  pat t erns  o f  anaerobic  Gram-posi t ive  
cocc i  from c l i n i c a l  specimens (76 s t r a in s  t e s t e d  ag a in s t
CL
olehdomycin)
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FIGUE 5 A n t i b i o t i c  s u s c e p t i b i l i t y  pat t erns  o f  anaerobic Gram-posi t ive  
cocci  from c l i n i c a l  specimens (76 s t r a in s  t e s t e d  aga in s t  
vancomycin)
100
0 . 1 2 5  0 . 2 5  0 . 5 O 84 16 643 2
Minimal Inhib itory  Concentrat ion (ug/ml)
FIGRUE 6 A n t ib i o t i c  s u s c e p t i b i l i t y  pa tt erns  o f  anaerobic Gram-pos i t ive  
cocc i  from c l i n i c a l  specimens (76 s t r a in s  t e s t e d  a ga in s t  
Cephradine).
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2.2. Results
B r u c e l l a  a g a r  medium su p p o r te d  t h e  g ro w th  o f  a l l  76 s t r a i n s  o f  
AG+C te s t e d  on the con t ro l  p la te s .
2.2.1. The S e n s i t i v i t y  of AG+C to  Oleandomycin
Oleandomycin a t  a concen t ra t ion  of  2 jjg/rnl was a c t i v e  a g a in s t  the 
s p e c i e s  o f  P s t .  p r o d u c t u s , w h i l s t  bo th  s p e c i e s  o f  H. e l s d e n i i  and P s t .  
mi c r o s  were  i n h i b i t e d  a t  a c o n c e n t r a t i o n  o f  A jug/ml.  A l l  c u l t u r e s  o f  
S t r .  i n te rm ed iu s . 83.3% of  Pc. asaccharo lv .t icus . and 81.3% of  Pe* rnaanus 
spec ies  were s e n s i t i v e  a t  8 jug/ml whereas the  spec ies  of anaerobia .  
Pc. p r e v o t i i , and P s t .  a n a e r o b i us  were i n h i b i t e d  a t  1 6 ju g /m l .  Two 
s t r a i n s  o f  Pc. ma e n u s , and a l l  i s o l a t e s  o f  Pc. s a c c h a r o l v t i c u s  showed 
s u s c e p t i b i l i t y  a t  a concen t ra t ions  above 32 jug/ml of t h i s  drug (Fig 4).
2.2.2. The S e n s i t i v i t y  of AG+C to  Vancomycin
In v i t r o  F i g u r e  5 showed t h e  a c t i v i t y  o f  vancomycin  a g a i n s t  76 
i s o l a t e s  of AG+C. In general  vancomycin in h ib i t e d  the growth o f  96.6% 
o f  t h e  t o t a l  i s o l a t e s  o f  AG+C a t  a c o n c e n t r a t i o n  lo w e r  th a n  8 jug/ml.  
Most of the  i s o l a t e s  (83.4%) of  Pc*. asaccharolv .t icus were i n h i b i t e d  a t  a 
c o n c e n t r a t i o n  o f  1 jug/ml.  A l l  s t r a i n s  o f  G. a n a e r o b i a  and Pc. 
s a c c h a r o l v t i c us  w e r e  s e n s i t i v e  t o  2 j u g /m l .  V a n c o m y c i n  a t  a 
c o n c e n t r a t i o n  o f  4 jug/ml was e f f e c t i v e  a g a i s t  t h e  s p e c i e s  o f  M. 
e l s d e n i i .  Ps t .  productus.  S t r .  in te rmedius  87.5% of _Pc. p r e v o t i i  and 80% 
of  P s t .  a n a e o r b i u s . A l l  s p e c i e s  (100%) o f  P s t .  mi c r o s  and 93.8% o f  Pc. 
magnus were su sc e p t ib le  a t  8 jug/ml.
2.2.3. The S u s c e p t i b i l i t y  of AG+C to  Cephradine.
The m a j o r i t y  o f  AG+C (94.7%) were  i n h i b i t e d  a t  a c o n c e n t r a t i o n  o f  
16 jug/ml of  Cephrad ine  (F ig  6). The s p e c i e s  o f  S t r .  i n t e r me d i u s  
(88.9%) showed h ig h  s e n s i t i v i t y  t o  t h i s  a g e n t  a t  0.5 jug /ml.  The 
re m a in in g  i s o l a t e s  (11.1%) o f  S t r .  i n t e r m e d i u s  as w e l l  a s  83.3% o f  Pc. 
a s a c c h a r o l v t i c u s  were i n h i b i t e d ,  a t  2 jug/ml.  A l l  s t r a i n s  o f  Pc. 
s a c c h a r o l v t i c u s .  P s t .  a n a e r o b i u s .  P s t .  mi c r o s and P s t .  p r o d u c t u s  were  
s e n s i t i v e  a t  8 jug/ml. The s p e c i e s  o f  JG. a n a e r o b i a .  M. e l sd en i i . , .  Pc. 
magnus  (81.3%) ana Pa. p r e v o t i i  (88%) were  i n h i b i t e d  a t  a h i g h e r
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FIGURE 7 A n t i b i o t i c  s u s c e p t i b i l i t y  pat t erns  o f  anaerobic  Gram-posi t ive  
cocc i  from c l i n i c a l  specimens (76 s t r a in s  t e s t e d  a ga i n s t  
gentamycin)
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FIGURE 8 A n t i b i o t i c  s u s c e p t i b i l i t y  pat t erns  o f  anaerobic Gram-posi t ive  
cocci  from c l i n i c a l  specimens (76 s t r a i n s  t e s t e d  ag a i n s t  
tobramycin) .
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concen t ra t ion  (16 jug/ml). One s t r a i n  of  Pc*. magnus was r e s i s t a n t  even 
a t  a concen t ra t ion  o f  64 jjg/ml of Cephradine.
2.2.4. The S u s c e p t i b i l i t y  of AG+C to  Gentamycin.
Gentamycin  a t  a c o n c e n t r a t i o n  o f  16 u g / m l  (F ig  7) d i s p l a y e d  an 
a c t i v i t y  a g a i n s t  56% o f  t h e  AG+C s t u d i e d .  A g a in s t  S t r .  i n t e r me d i u s  
spec ies  (88.8%) t h i s  drug i s  very a c t i v e  a t  a concen tra t ion  o f  4 j jg /ml,  
but o ther  spec ies  showed v a r i a b l e  s u s c e p t i b i l i t y : -  100" of  the  i s o l a t e s  
o f  l i t  e l s d e n i i  were  i n h i b i t e d  a t  S jug/ml,  w h e rea s  a l l  s t r a i n s  of  
G .a n ae ro b ia .  Pc. a s a c c h a r o l v t i c u s  were s u p p re s s e d  a t  16 p g / m l .  The 
c u l tu re s  of  Bq* p r e v o t i i .  Pc. sacch a ro lv t icu s  and 80% o f  Pst .  anaerobius  
w ere  c o n s i d e r a b l y  more r e s i s t a n t  t o  Gentamycin ,  s i n c e  they  were  
i n h i b i t e d  a t  a h i g h e r  c o n c e n t r a t i o n  (32 jug/ml) .  Six s t r a i n s  o f  Pc. 
m agnus  (37.5%) and  f o u r  c u l t u r e s  o f  P s t .  a n a e r o b i u s  (20%) were  
c o n s i d e r a b l y  more r e s i s t a n t  t o  Gentamycin  ( a t  a c o n c e n t r a t i o n  < 
32;ig/ml) .
2.2.5. The S e n s i t i v i t y  of AG+C to  Tobramycin
In general  Tobramycin i s  mere a c t iv e  than Gentamycin a g a in s t  AG+C 
(Fig 8) a t  a concen tra t ion  of 16 jug/ml. The spec ies  of  M* e l s d e n i i  (one 
s t r a i n )  were s e n s i t i v e  to  Tobramycin a t  a low concen tra t ion  (2 jug/ML), 
w h i l s t  a l l  s t r a i n s  o f  G* a n a e r o b i a .  S t r .  i n t e r me d i u s  and 87.5% o f  Pc,. 
o r e v o t i j ,  w e r e  i n h i b i t e d  a t  4 j u g /m l .  A l l  c u l t u r e s  o f  Pc.. 
a saccha ro lv t icus ,  Pc. p r e v o t i i  and Pc* s acch a ro lv t icu s  were su sc e p t ib le  
a t  8 j j g /m l ,  w hereas  a l l  s p e c i e s  o f  P s t .  p r o d u c tu s  and 90% o f  P s t .  
a n a e r o b i u s  were i n h i b i t e d  a t  16 jug/ml.  The s t r a i n s  o f  Pc. magnus and 
Pst .  micros were not a f fec ted  un less  the concen tra t ion  of  Tobramycin was 
achieved to  64 jug/ml.
2.2.6. The S u s c e p t i b i l i t y  of AG+C to  B r i l l i a n t  Green
The r e s u l t s  o f  i n h i b i t o r y  a c t i o n  o f  b r i l l i a n t  g re e n  on AG+C a r e  
shown in  Fig  9. A l l  t h r e e  i s o l a t e s  of  Pc. s a c c h a r o l v t i c u s  and one 
s t r a i n  o f  M* e l s d e n i i  were  i n h i b i t e d  by 2.5 jug/ml c f  th e  dye p e r  ml. 
The spec ies  of S t r .  in te rmedius  and Pc* a sacch a ro lv t icu s  were the  next
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FIGURE 9 A c t i v i t y  o f  b r i l l i a n t  green a ga in s t  76 s t r a in s  o f  anaerobic  
Gram-posi t ive cocc i
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FIGURE 10 A c t i v i t y  o f  Crystal  V io l e t  versus  76 s t r a in s  o f  anaerboic  
Gram-posi t ive co cc i .
1 1 0
most s e n s i t i v e  in  a concen t ra t ion  of 10 jug/ml. 80% of  Pst .  anaeorbius  
i s o l a t e s  and 100% of  t h e  s p e c i e s  o f  Pc^ mangus ,  Pc. p r e v o t i i  and P s t .  
micros  were i n h ib i t e d  by b r i l l i a n t  green a t  a concen tra t ion  o f  20 jug/ml, 
whereas a concen t ra t ion  o f  40 jug/ml of t h i s  dye was suppress ive  to  two 
spec ies  of  G* anaerob ia . 20% of  Ps t .  anaerob iusT and Ps t .  p roductus .
2.2.7. The S e n s i t i v i t y  of AG+C to  Crys ta l  V io le t
Of t h e  AG+C a l l  s t r a i n s  o f  e l s d e n i i ,  P s t .  m ic ro s  and S t r .  
i n t e r me d i u s  and 67% o f  b o th  s p e c i e s  o f  PcT a sa c ch a ro lv . t i c .u s  and Pc. 
saccha ro lv t icus  and 71% of  those of Pst .  productus were in h ib i t e d  a t  a 
c o n c e n t r a t i o n  o f  2.5 jug/ml-of  c r y s t a l  v i o l e t  (F ig  10). A p p ro x im a te ly  
69% o f  Pc. magnus and 50% o f  Pc. p r e v o t i i  and a l l  two i s o l a t e s  o f  G. 
a n a e r o b i u s  were  i n h i b i t e d  a t  c o n c e n t r a t i o n s  o f  10 jug/ml of c r y s t a l  
v i o l e t .  Three  s t r a i n s  o f  bo th  Pc. magnus and Pc. p r e v o t i i  and f o u r  
s t r a i n s  o f  Pst .  anaerobius  were not a f fec ted  w i th  the concen t ra t ions  up 
t o  a concentra t ion  of 40 jug/ml of c r y s t a l  v io l e t .
2.2.8. The S e n s i t i v i t y  of AG+C to  Gentian V io le t .
F i g u r e  11 r e p r e s e n t s  t h e  r e s u l t s  o b t a i n e d  f o r  76 s t r a i n s  o f  AG+C 
te s t e d  ag a in s t  gent ian  v i o l e t .  The spec ies  of  G. anaerobia .  M. e l s d e n i i  
and Pc. s a c c h a r o l v t i c u s  were t h e  most  s u s c e p t i b l e  o r g a n i s m s  a t  a 
c o n c e n t r a t i o n  o f  2.5 jug/ml o f  g e n t i a n  v i o l e t .  Gew***" s
c o n c e n t r a t i o n s  i n h i b i t e d  o n l y  50% o f  t h e  i s o l a t e s  o f  Pc.
'iiq.yxBf. Pc. magnus.  Pc. p r e v o t i i .  P s t .  a n a e r o b i u s .  P s t .  
mic roSj,  P s t .  p r o d u c t u s  and S t r .  i n t e r m e d i u s . I n c r e a s i n g  t h e  
concentra tion,  of gen t ian  v i o l e t  t o  10 jug/ml i n h ib i t e d  the growth of the  
spec ie s  of  Ps t .  micros.  Pst.  productus and S t r .  in te rm ed ius . However, 
the o ther spec ies  gave v a r i a b l e  r e s u l t s  a t  the  d i f f e r e n t  co n cen t ra t io n s  
  o f  gen t ian  v i o l e t .     ...... ...   _
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2.3. Discussion
Several  r e p o r t s  described the  use of a n t i b i o t i c s  (Finegola .g£ a l . .  
1967; S u t t e r  and Finegola ,  1971; Rodriguez e t  a l . :. 1976; Watt and Jack, 
1977 and Wren e t  a l . .  1977) and o the r  a n t i b a c t e r i a l  agents  such as dyes 
(Ornata and Dis raely  1956, and Burke e t  al>. 1979) fo r  the  i d e n t i f i c a t i o n  
o f  a n ae ro b e s .  In c o n t r a s t  t h e  r e s u l t s  r e p o r t e d  in  t h e  p r e s e n t  s tudy  
i n d i c a t e  t h a t  th e  s p e c i e s  o f  AG+C which  were  examined , p r e s e n t  
r e l a t i v e l y  incons tan t  s e n s i t i v i t i e s  to  the  t e s t e d  a n t i b i o t i c s  and dyes. 
Microorganisms are  in c l in ed  to  change t h e i r  s e n s i t i v i t y  p a t t e r n s  due to  
t h e  i n f l u e n c e  of  t r a n s f e r  and r e s i s t a n c e  f a c t o r s  o r  r e s i s t a n c e  
developing as  a r e s u l t  of previous t rea tm en t  (Anderson and Lewis,  1965, 
Anderson 1966, Benvenis te .and Davies 1973, and Umbreit and The Class  o f  
75*, 1976). Using such ch a rac te r s  as c r i t e r i a  of d iagnos t ic  va lue  among 
the  b a c t e r i a  of medical  i n t e r e s t  leads  to  m i s i d e n t i f i c a t i o n  (Abram e t  
a l . T 1971, Cowen and S t e e l ,  1977).  A lthough t h e  a n t i b i o g r a m  in  t h i s  
study i s  o f  no use fo r  taxonomic purposes,  the  r e s u l t s  can be used as  an 
a id  fo r  th e rap eu t i c  advice,  s ince  the  concen tra t ion  of the  a n t im ic ro b ia l  
agents  have re levance to  th e rap eu t i c  l e v e l s .
An i n t e r p r e t a t i o n  of  a n t i m i c r o b i a l  s u s c e p t i b i l i t y  t e s t  r e s u l t s  
r e q u i r e s  comparison of  the  minimal in h ib i to ry  and/or minimal b a c t e r i a l  
c o n c e n t r a t i o n s  a c h i e v e d  by an a n t i m i c r o b i a l  a g e n t  w i t h  t h e  
p h a r m a c o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  drug.  Break p o i n t s  f o r  
s u s c e p t i b i l i t y  a re  g e n e r a l l y  d e f i n e d  in  r e l a t i o n  t o  a c h i e v a b l e  serum 
l e v e l s  of the  agent te s t ed .  Scholand and co-workers (1974) found t h a t  a 
p e ak  s e rum  l e v e l  a f t e r  a 0 .5g  o r a l  d o s e  o f  C e p h r a d i n e  t o  be  
approximately 15 jag/ml, reached in  1h. Doubling the  dose to  1g in c rease  
t h e  peak serum l e v e l s  by over  50%, b u t  u s u a l l y  does  n o t  d o u b le  i t .  
Assuming a s u s c e p t i b l e  b r e a k - p o i n t  f o r  C ephrad ine  to  e q u a l  16 jug/ml ,  
t h i s  a n t i b i o t i c  appears the  most a c t iv e  drug g a i n s t  AG+C in  the p re sen t  
study. 94% of AG+C were in h ib i te d  a t  MIC of 16 jug/ml or l e s s .  However, 
2 s t r a i n s  of Pq* magnus and one s t r a i n  o f  £c* p r e v o t i i  were r e s i s t a n t  t o  
C e p h r a d i n e .  C e p h r a d i n e  i s  v e r y  s i m i l a r  t o  C e p h a l e x i n  i n  i t s  
a n t i m i c r o b i a l  a c t i v i t y  and i n  most o t h e r  r e s p e c t s  (Leading  a r t i c l e ,  
1973; M o e l l e r i n g  and S w ar tz ,  1976). AC-+C such  as  t h e  P e p to c o cc u s  and 
P e p t o s t r e p t o c o c c u s  s p e c i e s  a r e  u s u a l l y  i n h i b i t e d  by 8-16 jug/ml o f  
C ep ha lex in  (T a l ly  e t  a l . T 1975; Busch e t  al. . .  1976).  Cl* p e r f r i n g en s * .  
Cl. t e t a n i  and o t h e r  Cl o s t r i d i u m s p e c i e s  a r e  r e l a t i v e l y  r e s i s t a n t .
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Certa in  s t r a i n s  may be in h ib i t e d  by 8-16 jug/ml of Cephalexin but o the rs  
need 32 or 64 jug/ml or even h igher  fo r  i n h i b i t i o n  (Tally e t  al.,. 1975b). 
Bac tero ides  f r a g i l i s  i s  Cephalexin r e s i s t a n t ,  but o ther  Bac te ro ides  a re  
q u i t e  s e n s i t i v e .  S i m i l a r l y  Fusobacte r iM *and V e i l l o n e l l a  s p e c i e s  a r e
s e n s i t i v e  to  Cephalexin (Tally e t  a l . T 1975b; Busch e t  a l . T 1976).
The mean peak serum l e v e l  o f  g en tam y c in ,  a f t e r  i n t r a m u s c u l a r  
i n j e c t i o n  of 80mg in  an a d u l t  i s  7 pg/ral  (range 4-6 jug/ml). This l e v e l  
i s  a t t a i n e d  i n  0 .5-2 .0  h a f t e r  t h e  i n j e c t i o n  ( G i n g e l l  and W a te rw o r th ,  
1 968; D a r r e l l  and w a t e r w o r t h ,  1967 and S i b e r ,  .gt  ^ 2 . ,  1 9 7 5 ) .  
O t o t o x i c i t y  o f  gen tam yc in  can be avo ided  i f  peak serum l e v e l s  a r e  
m a i n t a i n e d  below 10-12 j jg /m l .  ( W e r s a l l  e t  a l . ,  1969).  Simon e t  a l . ,  
(1973) s t a t e d  t h a t  a f t e r  an 80mg in t ram uscu lar  i n j e c t i o n  of tobramycin 
i s  given to  ad u l t s ,  an average peak serum le v e l  of 3.7 jug/ml i s  a t t a in e d  
in  t h i r t y  m in u te s .  Six  h o u rs  l a t e r  t h e  ave rage  serum l e v e l  i s  0.56 
J jg /m l  and a f t e r  8-12 h i t  i s  undetec table .  In order t o  achieve s teady-  
s t a t e  serum l e v e l s  o f  a t  l e a s t  3 JJg/ml by c o n t in u o u s  t o b r a m y c in  
i n f u s i o n ,  a t o t a l  dose o f  7mg/kg i s  needed (Bodey, e t  a l . .  1975). When 
peak serum tobramycin l e v e l s  exceeded 8-10 Mg/ml an immediate reduc t ion  
in  c o c h l e a r  o u t p u t  was observed  (an i n d i c a t i o n  o f  o t o t o x i c i t y )  which 
r e t u r n e d  t o  normal a s  serum l e v e l s  f e l l  (W ilson  and Ramsden, 1977). 
However, Sabath (1980) repor ted  t h a t  the  serum le v e l s  of both gentamycin 
and tobramycin were 1-12 j jg/ml.  Thus b a c t e r i a  having MICs o f  8 Tig/ml or 
more a r e  c o n s id e r e d  as  r e s i s t a n t  o rg an ism s .  Data from 76 i s o l a t e s  
t e s t e d  aga ins t  tobramycin and gentamycin (Figures 7,8) showed i n f e r i o r  
a c t i v i t y  of the  l a t t e r  a n t i b i o t i c .  Although gentamycin was gen e ra l ly  as 
a c t i v e  a s  to b ra m y c in  (on a w e ig h t  b a s i s ) ,  on th e  s p e c i e s  o f  Pc. 
s acch a ro lv t icu s  and S t r .  in te rm ed ius . gentamycin was l e s s  a c t i v e  than 
to b ra m y c in  a g a i n s t  t h e  s p e c i e s  o f  G* a n a e r o b i a ,  M. e l s d e n i i .  Pc. 
p r e v o t t i .  Pc. s a c c h a r o l v t i c u s . The s t r a i n s  o f  Pc. magnus* P s t .  
a n a e o r b i u s .  P s t . mi c r o s  ana P s t .  p r o d u c tu s  a r e  however,  r e s i s t a n t  t o  
gentamycin and tobramycin. Therefore, these  two aminoglycosides a r e  of 
l i m i t e d  use ag a in s t  AG+C. Moreover, gentamycin and tobramycin l i k e w is e  
a r e  i n a c t i v e  a g a i n s t  B* f r a g i l i s  and C l o s t r i d i u m s p e c i e s  (Waitz  and 
Weins te in ,  1969 and Martin e t  a l . f 1972).
The average  peak serum l e v e l  two h o u rs  a f t e r  a 0.5g dose  o f  o r a l  
o leandom ycin  i s  0.8 jug/ml (Busch and Lane, 1967). Oleandomycin i s  a 
safe,  non-toxic drug. The only s ide  e f f e c t s  which have been noted a f t e r
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o r a l  a d m i n s t r a t i o n  a r e  minor  g a s t r o i n t e s t i n a l  s i d e - e f f e c t s - a n d  s k i n
rashes  (G i lb e r t ,  1962). According to  the r e s u l t s  of t h i s  study, none of 
the  AG+C were i n h ib i t e d  a t  a concen tra t ion  of  0.8 jug/ml of oleandomycin.
I t  appears  t h a t  these  organisms are  r e s i s t a n t  to  t h i s  drug. In c o n t r a s t  
C. ^ e t a n i  and C l .  i i e££ r j .n .gens  w e re  f o u n d  t o  be s u s c e p t i b l e  t o  
oleandomycin (Kucers and Bennett ,  1979).
In humans, i t  has been s t a t e d  t h a t  a f t e r  an in fus ion  of a 1.0g dose 
of vancomycin, serum l e v e l s  are  as  high as approximate ly 5.6 jug/ml and 
the  th e rap eu t i c  concen t ra t ions  p e r s i s t  fo r  a t  l e a s t  12h. (Kirby ^ t  a l . T 
1960). Usually an organism i s  considered to  be vancomycin r e s i s t a n t  i f  
the  MIC i s  16 jug/ml (Finegola,  1977). From the r e s u l t s  repor ted  in  the  
present  study i t  i s  c l ea r  t h a t  vancomycin i s  very a c t i v e  a g a in s t  96% of 
AG+C t e s t e d  a t  c o n c e n t r a t i o n s  o f  8 jug/ml.  One s t r a i n  o f  each  of t h e  
spec ies  of  Pc^ magnus. Pc. p r e v o t i i  and Ps t .  anaerobius  was r e s i s t a n t  to  
vancomycin a t  a concen tra t ion  of I6jjg/ml. Other anaero-bes such as Cl. 
p e r f r i n g e n s  (S ap ico ,  e t  a l . ,  1972) and Cl. d i f f i c i l e  ( L a r s o n ,1 979) a r e  
su sc e p t ib le  to  vancomycin. The spec ies  of  B* f r a g i l i s  are  r e s i s t a n t  to  
t h i s  a n t i b i o t i c ,  w hereas  t h o s e  o f  Cl. ramosum a r e  of  i n c o n s i s t e n t  
s e n s i t i v i t y  (Finegold,  1977).
In conclusion,  al though the  data  of the  s u s c e p t i b i l i t y  of AG+C to
i
the  t e s t e d  a n t i b i o t i c s  and dyes was of no use fo r  the c l a s s i f i c a t i o n  of 
t h e s e  c o c c i ,  i t  cou ld  be conc luded  t h a t  Cephrad ine  and vancom ycin  a r e  
e f f i c a c i o u s  a n t i b i o t i c s  a g a i n s t  AG+C. H ow ever ,  g e n t a m y c i n  and  
t o b r a m y c i n  d i s p l a y e d  an a c t i v i t y  a g a i n s t  ii* e l s d e n i i  and S t r .  
in te rm ed ius . In add i t io n  to b ram yc in  was a c t i v e  a g a i n s t  a n a e r o b i a .  
Pc. a saceha ro lv t icus .  Pc. p r e v o t i i  and Pc^ s a c c h a ro lv t i c u s , w h i l s t  a l l  
AG+C were r e s i s t a n t  to  oleandomycin.
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3. The End-products from The Fermentation of  Galactose.  Rhamnose and 
Mannose by AG+C
3.1 M ate r ia l s  and Methods
In  t h i s  e x p e r i m e n t  47 c u l t u r e s  o f  AG+C were  t e s t e d  f o r  t h e i r  
f e r m e n t a t i o n  of  c e r t a i n  c a r b o h y d r a t e s  i n  a p ep tone  y e a s t  e x t r a c t  a s  a 
basa l  medium.
A s i m i l a r  p ro c e d u re  t o  t h a t  m en t ioned  f o r  pep tone  y e a s t  e x t r a c t  
glucose  was performed to  d e te c t  the products ( v o l a t i l e  and n o n -v o la t i l e  
f a t t y  acids)  from ga lac tose ,  rhamnose and mannose by G.L.C.
3.2 R e s u l t s
F o r ty  seven  o rg a n i s m s  were  examined f o r  t h e  p r o d u c t i o n  o f  t h e  
v o l a t i l e  and n o n -v o la t i l e  f a t t y  ac ids  from the  fe rm en ta t ion  of d i f f e r e n t  
s u g a r s ;  g l u c o s e ,  g a l a c t o s e ,  rhamnose  and mannose in  PY medium. As 
r e f l e c t e d  i n  Tab le  2.2.1 and 2.2 .2 ,  th e  e n d - p r o d u c t s  produced from t h e  
t e s t e d  carbohydrates  in  the  basa l  medium gave a lmost s i m i l a r  r e s u l t s  t o  
t h o s e  o f  g l u c o s e  f o r  th e  i s o l a t e s  o f  each s p e c i e s .  The r e s u l t s  o f  a l l  
a c i d s  were  r e p r o d u c i b l e  e x c e p t  t h e  f o l l o w i n g  compounds p r o p i o n i c ,  
p y ru v ic  and s u c c i n i c  a c i d s .  A c e t i c  a c i d  was th e  only  c o n s i s t e n t  
v o l a t i l e  f a t t y  acid in  the  c u l tu r e s  of Pc* magnus. Pc. s ac c h a ro lv t i cu s .  
P s t .  p r o d u c t u s .  P s t .  mi c r o s  and S t r .  i n t e r me d i u s , w h e rea s  a c e t i c  a c i d
t o g e t h e r  ' "with b u t y r i c  a c i d s  w e re -  obse rved  i n  t h e  c u l t u r e s  o f  C-.
a n a e r o b i a. Pc. a s a c c h a r o l v t i c u s  and Pc. p r e v o t i i .  P s t .  a n a e r o b i u s  and 
M. e l s d e n i i  were  unique  in  t h e  p r o d u c t i o n  o f  a c e t i c ,  i s o b u t r y i c ,  
bu ty r i c ,  i s o v a l e r i c  and i socapro ic  acids .  However, M* e l s d e n i i  d i f f e r s  
from Pst.  anaerobius  in the  production of  v a l e r i c  and caproic  ac ids .
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3.3 Discussion
An a t t e m p t ' w a s  made t o .  c l a s s i f y  AG+C on t h e  b a s i s  o f  t h e i r  
production of f a t t y  ac ids  from the fe rm en ta t ion  of mannose, ga lac to se ,  
and rhamnose by u s in g  GLC. The only  s p e c i e s  t h a t  cou ld  be s e p a r a t e d  
were Pst .  anaerobius and M*. e l s d e n i i . Unfortunately the other spec ies  
were  i n d i s t i n g u i s h a b l e  u s in g  t h e  i n f o r m a t i o n  o b t a i n e d  from t h e  GLC 
a n a ly s i s .
I t  i s  q u i t e  i n t e r e s t i n g  t o  n o t e  t h a t  a l t h o u g h  c e r t a i n  s p e c i e s  o f  
AG+C a re  a s acch a ro ly t ic ,  they s t i l l  product f a t t y  ac ids  in  the  medium. 
The development of end-products  h igh l igh ted  c e r t a i n  problems a ssoc ia ted  
with  the c l a s s i f i c a t i o n  of  AG+C, providing evidence t h a t  these  organisms 
a r e  b i o c h e m i c a l l y  a c t i v e .  They p ro b a b ly  use  compounds o t h e r  th an  
carbohydrates such as  amino ac id s  and other ni trogenous compounds (such 
a s  p u r i n e s ) ,  a l l  of  which a r e  su p p le m e n ts  ■ in  t h e  medium. The 
fe rm en ta t ion  of carbohydrates  and amino ac id s  by anaerobes y i e l d  f a t t y  
a c i d s .  For example  t h e  s p e c i e s  o f  C. t e t a n o s p o r u m r Pc.. g l . v c i n o p h i l u s  
and Pc. v a r i a b i l i s  produced a c e t i c  ac id  from g lyc ine  (S t ick lana ,  1934, 
1935; Sagar  and G unsa ius ,  1961; B a r k e r ,  1962; and K le in  and S a g e r s ,  
1962). The product ion of bu ty r i c  ac id  from h i s t i d i n e  and threonine  by 
C3- propionicum. Pc. aerogenes.  M. l a c t i l v t i c u s  and Cl tetanomorphum was 
repor ted  by Whiteley (1957), VJhiteley and Ordal (1957) ana Whiteley and 
Tanara  (1966).
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4. The Cell Wall Amino Acid and Amino-sugar Component of AG+C
4.1 M ate r ia l s  and Methods.
The molar r a t i o s  o f  the  p r in c ip a l  amino ac ids  in  th e  c e l l  w a l l s  o f  
a v a r i e ty  of  Gram p o s i t i v e  b a c t e r i a  have been determined independently
in  a number of l a b o r a t o r i e s  (Cummins and Haris,  1956, 1958; M i tche l l  and
Moyle, 1956; Work, 1957; Shockman, e t  a l . ,  1958 and Park and Strominer,  
1957).  S a l t o n  (1964) ob se rv ed  t h a t  t h e  v a r i o u s  methods  used  in  
p repara t ion  of the c e l l  w a l l s  have given s i m i l a r  r e s u l t s .  The method of 
Park  and Hancock (1960) m o d i f i e d  by S c h l e i f e r  and K and le r  (1972) was 
used throughout t h i s  study.
4.1.1.  Organisms
The same r e f e r e n c e  s t r a i n s  used f o r  t h e  s tudy  o f  amino a c i d s  
u t i l i z a t i o n  were  examined f o r  t h e i r  amino a c i d  and a m i n o - s u g a r  
components.
4.1.2.  R eagen ts
- 6-N HC1
-  10% t r i c h l o r a c e t i c  acid
-  Trypsin phosphate b u f fe r  (2mg trypsine/IOml of 0.1 M phosphate b u f f e r
pH 7.9).
4.1.3.  Media
Schaedler b ro th  medium supplemented w i th  haemin and Vitamin K«| was 
prepared in  an anaerobic  cab ine t  as mentioned fo r  the p repa ra t ion  of  the  
media used in  amino acid  u t i l i z a t i o n .
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4.1.4. Growth of organisms
The t e s t  o rg a n i s m s  were  grown a n a e r o b i c a l l y  ( i n  an a n a e r o b i c  
cabinet)  f o r  24h a t  37°C on BHIA. Subsequently one colony was grown in 
5ml o f  S c h a e d le r  b r o t h  a n a e r o b i c a l l y ,  f o r  5h a t  37°C and 1ml o f  t h e  
incubated medium was used to  inocu la te  250 ml of  Schaedler broth.  The 
inocula ted  medium was incubated in  an anaerobic  atmosphere fo r  I8h.
4.1.5. P r e p a r a t i o n  o f  th e  c e l l s  o f  AG+C.
At the  end of  incubat ion th e  growing c u l t u r e  was checked fo r  pur i ty  
by Gram s t a i n .  F o r m a l in  ( f i n a l  c o n c e n t r a t i o n  0.5%) was added t o  t h e
r*
c u l t u r e  (Cummins and Haij/is, 1956) fo r  24n in order to  k i l l  the  b a c t e r i a l  
c e l l s .  The suspension was harvested  by c e n t r i fu g a t io n  o f  6,500 rpm a t  
4°C fo r  20 min in  a r e f r i g e r a t e d  c en t r i fuge .  The superna tan t  f l u i d  was 
removed and the packed c e l l s  were washed th ree  t imes  wi th  phys io log ica l  
s a l ine .  The c e l l s  were resuspended in  20ml s a l i n e  and s to red  in  smal l  
b o t t l e s  a t  -20°C u n t i l  needed.
4.1.6. Determinat ion of the  dry weight.
Ten m i l l i l i t r e s  of the  washed c e l l  wall  suspension were p ip e t t e d  
i n to  a weighed dry cen t r i fu g e  tube and cen t r i fuged  to  d epos i t  the  c e l l s .  
Trie superna tan t  was poured o f f  and the c e l l  p e l l e t  was washed w i th  cold 
water and recen t r i fuged .  The cen t r i fuge  tube conta ining th e  p e l l e t  was 
d r i e d  i n  a vacuum oven a t  80°C f o r  6h and s t o r e d  i n  a d e s i c c a t o r ,  t h e  
weight being determined on two occasions.  The weight was recorded i f  
the  weighings were i d e n t i c a l .  Dry weight was expressed in  mill igramme 
per m i l l i l i t r e .
4.1.7. Prepara tion  of the  c e l l  wall s.
In order to  remove a l l  low molecular weight compounds such as the  
cytoplasmic  pool of amino ac ids ,  nuc le ic  ac ids ,  and t e i c h c i c  acid  from 
the  c e l l  wal ls ,  a volume contain ing 10mg of the  c e l l  wall  suspension was 
c e n t r i f u g e d  and t h e  s e d i m e n t  was s u s p e n d e d  i n  20ml o f  10%
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t r i c h l o r o a c e t i c  a c i d ,  h e a t e d  i n  a w a t e r  b a t h  f o r  20 m in ,  and 
c e n t r i f u g e d .  The s e d im e n t  was washed w i t h  d e i o n i z e d  w a t e r  and
recen t r i fuged .  In order to  d ig e s t  the  c e l l u l a r  p ro te in  the  sediment was 
suspended in  5ml t r y p s in  ^phosphate bu f fe r ,  and incubated a t  37°C on a 
sh a k e r  f o r  4h and c e n t r i f u g e d .  The s ed im en t  was washed tv ; ic e  w i t h  
d i s t i l l e d  water.  The prepared c e l l  w a l l s  (peptidoglycan) were kept a t  -  
20GC u n t i l  needed.
4.1.8. Hydrolysis of the  prepared c e l l  wal ls .
A sample  o f  5mg of  th e  c e l l  w a l l  was i n t r o d u c e d  i n t o  a dry heavy 
walled pyrex t e s t  tube and 1ml of 6 N-HC1 was added. The t e s t  tube was 
co n s t r i c t e d  with  a smal l ,  sharp flame. After cooling,  the con ten ts  were 
cooled with  ice ,  the  t e s t  tube was evacuated w i th  an o i l  pump, and the  
tu b e  was f i n a l l y  s e a l e d  w i t h  a s h a r p  f lam e  under  vacuum. The s e a l e d  
t e s t  tube conta ining the  mixture  to  be hydrolyzed was kept a t  105°C in  
an oven fo r  iSh. After the  hydro lys is  was completed the t e s t  tube was 
allowed t o  cool and opened wi th  a smal l ,  sharp flame d i r e c te d  j u s t  below 
th e  s e a l e d  t i p .  The upper p a r t ,  o f  t h e  t e s t  t u b e  was c u t  o f f  and t h e  
c o n t e n t s  were  t r a n s f e r r e d  i n t o  a s m a l l  f l a s k .  Both p a r t s  o f  t h e  t e s t  
tu b e  were  r i n s e d  i n t o  t h e  f l a s k .  The h y d r o l y s a t e  was mixed w i t h  
d e i o n i z e d  w a t e r  and e v a p o r a te d  t o  d ry n e s s  t h r e e  t i m e s  in  o r d e r  t o  
e l im in a te  hydrochloric  acid.  The res idue  was d isso lved  in  4ml c i t r a t e  
b u f f e r  of  pH 2.2 and s t o r e d  a t  -20°C.
4.1.9. Q u an t i t a t iv e  amino acid and amino sugar ana ly s i s .
An e q u i v a l e n t  o f  1.25mg (1 m l )  o f  H C l - h y a r o ly z e d  c e l l  w a l l  
prepara t ion  was analyzed in  an amino ac id  analyzer.
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S p ec i e s Molar rat ios  (g l u tami c  ac i d  = 1)
Glu Ala Gly l y s DAP S e r As p Thr Orn Mur Glu
P c . a s a c c h a r -  
o l v t i cu s  * 
ATCC 29743
1 . 0 1 . 3 0 . 7 0 . 5 0 . 5 0 . 5 0 . 6 0 . 3 0 . 3
P c . a s a c c h a -  
r o l y t i c u s  
ATCC 14963
1 . 0 1 . 3 — 0 . 9 --- — 0 . 9 — — 0 . 6 0.1
P c . a e r o g e n e s  
NCIB 10064*
1. 0 1.1 0 . 5 — — — — — 0 . 7 0 . 3 0 . 3
P c . n i g e r *  
ATCC 27731 1 .0 1 . 3 0 . 9 _ _ _ -------- 0 . 6 -------- -------- 0 . 4 0 . 3
Pc,prevot i i
ATCC14952 1 . 0 0 . 5 0 . 7 0 . 9 _ _ _ -------- -------- -------- -------- 0 . 4 0 . 3
P c . i n d o l i c u s  * 
ATCC 29427 1. 0 1. 1 0 . 6 _ _ _ 0 . 5 _ _ _ 0 . 7 0 . 3 0 . 3
P c . m a g n u s  * 
ATCC 29328 1. 0 0 . 7 1 . 7 0 . 9 _ _ _ _ _ _ -------- -------- -------- 0 . 6 0 . 5
P c . a n a e r o b i u s  
ATCC 14956 1 . 0 0 . 7 1 . 5 0 . 8 -------- -------- 0 . 6 ---------- -------- T 0 . 4
P c . varabi l i s  
ATCC 14955 1. 0 0 . 7 1 . 7 0 . 9 -------- -------- -------- -------- -------- 0 . 6 0 . 5
Pc .  g ly c i n o p h i -  1 . 0  
j u s .  ATCC 23195 *
2 . 3 2 . 5 0 . 9 — 1. 2 — — -------- 0 . 8 0 . 5
P c . s a c c h a r o l -
i t i cus
ATCC 14953
1 . 0 1 . 9 2 . 9 0 . 9 — 0 . 9 — — -------- 0 . 7 0 . 5
P s t . a n a e r o b i u s  
ATCC 27737 *
1 . 0 1. 3 0 . 5 0 . 8 — -------- 1 . 0 — -------- 0 . 6 0 . 6
P s t . mi c r o s  * 
ATCC 33270
1. 0 1. 1 1. 4 — 0. 5 0 . 8 — 1. 1 0 . 5 0 . 5
P s t .  p a r vu l u s  
VPI 0546 *
1 . 0 1 . 4 0 . 6 1. 1 — -------- 0 . 6 — -------- 0 . 3 0 . 3
P s t .  p r o du c t u s  
ATCC 27340 *
1 . 0 1 . 4 — — 0. 8 — — — — 0 . 6 0 . 5
G . a n a er o b i u s  
VPI6288 *
1 . 0 0 . 5 0.  8 1 . 0 — — — — -------- 0 . 4 0 . 3
Sarc i na  v e n t r -  
icul i  VPI 6218
1. 0 0 . 8 1. 7 0 . 9 — — 0 . 5 — — 0. 5 0 . 4
St r  . con s t e l l -  
at u s
ATCC 27573
1. 0 3 . 4 — 0 . 9 — — -------- — -------- 0 . 8 0 . 7
S t r  c o n s te l l -  
a t u s
ATCC 27823
1 . 0 2 . 1 2 . 5 0 . 9 -------- 0 . 9 -------- — -------- 0 . 8 0 . 5
S t r . i n t e r m e ­
dins
ATCC 27335
1. 0 2 . 3 2. 3 0 . 9 — 1. 0 — — -------- 0 . 8 0 . 5
S t r . morbi l l -  
orum
ATCC 27527
1 . 0 1 . 9 0 . 7 0 . 8 — 0. 5 0 . 5 0 . 5 -------- 0 . 5 0 . 4
S t r . mo r b i l l -
orum
ATCC 27824
1. 0 3 . 1 0 . 9 1. 0 -------- 0 . 6 0 . 6 0 . 6 — 0. 5 0 . 3
M. e l s d en i i  
ATCC 25940
1 . 0 1 . 8 0 . 6 — 0. 7 — 0. 5 -------- ---- 0 . 4 0 . 5
V . p a r v u l u s *  
ATCC 10790
1 . 0 1 . 4 0 . 5 0 . 7 — — 0 . 9 — 1.2 0 . 5 0 . 4
* The  s p e c i e s  marked wi th an a s t e r i s k  h a ve  not  had t he i r  cel l  wal ls  i n v e s t i g a t e d  p r e v i o u s l y  
T = Trace amounts .
4.2 Results and discussion
In an a t tem pt  to  obta in  informat ion  on the  c e l l  w a l l s  of  AG+C, the  
amino acid  and amino sugar composit ion was q u a n t i t a t i v e l y  determined by 
an amino acid analyzer.  The r e s u l t s  fo r  t h i s  a n a ly s i s  of 24 spec ie s  o f  
AG+C are  presented in  Appendix 1 through 5, and are  summarized • in  Table
2.3 where the.molar, r a t i o s  a re  compared wi th  g lu tamic  acid.  The spec ie s  
marked w i t h  an a s t e r i s k  have n o t  had t h e i r  c e l l  w a l l  components  
in v e s t ig a te d  and repor ted  previous ly .  The r e s u l t s  repor ted  in  Appendix 
1 f o r  Pc* p r e v o t i i ,  Pc. i n d o l i c u s .  Pc. magnus .  S t r .  cons.tel l-a. tus  and 
S t r .  morbellorum were dup l ica ted  in  two batches  of  Schaedler broth .  The 
two b a t c h e s  gave q u a n t i t a t i v e l y  s i m i l a r  r e s u l t s  in  c o m p o s i t i o n  
in d ic a t in g  good r e p r o d u c i b i l i t i e s  o f  the  molar r a t i o s  of  amino ac id s  and 
amino s u g a r s .  Th is  p o i n t  i s  f u r t h e r  u n d e r l i n e d  by c l o s e  a g re e m e n t  
between the  p resen t  r e s u l t s  and those of S c h le i fe r  and Nimermann (1973)
as  shown in  Table 1.12. The f ind ing  in  the  case of  Pc*. a sacch a ro lv t icu s
(ATCC 14963), Pc. v a r i a b i l i s  (ATCC 14955) and Pc* saccha ro lv t icus  (ATCC 
14953) fo r  example a re  i d e n t i c a l  wi th  those of S c h le i f e r  and Nimmerman 
(1973)  w i t h  t h e  same s t r a i n ,  and t h e r e  i s  t h e  same d e g r e e  o f  
correspondence in  the case of  Pc. p r e v o t i i  (ATCC 14952) a lthough in  t h i s  
in s tance  a d i f f e r e n t  s t r a i n  (Pc. p r e v o t i i , ATCC 9321) was used. However 
i t  should  be no ted  t h a t  Bahn e t  a l  (1966) r e p o r t e d  t h a t  th e  c e l l  w a l l s  
of S t r .  in te rmedius  contained g lu tamic  acid,  a lan ine ,  and ly s in e  in  th e  
m o la r  r a t i o  1:4 :1 .1 ,  w h i l s t  Latham e t  a l  (1979) found t h a t  c u l t u r e s  o f  
t h i s  spec ies  conta in th e  same amino ac ids  in the  molar r a t i o  1:3.5:1, in 
a d d i t i o n  th e  p re s en c e  of s e r i n e  in  a m o la r  r a t i o  o f  0.5 pe r  g l u t a m i c  
a c i d  was v a r i a b l e .  The c e l l  w a l l s  o f  S t r .  c o n s  t e l l  a_t u s  and 
Str .morbil lorum have been claimed to  have the same molar r a t i o  as  t h a t  
o f  S t r . i n t e r me d i u s . The p r e s e n t  d a t a  showed t h a t  a l l  t h e  s t r e p t o c o c c i  
except S t r . c o n s t e l l a tu s  (ATCC 27573) contained g lyc ine  and s e r in e  in  the  
c e l l  w a l l  in  a d d i t i o n  t o  g l u t a m i c  a c i d ,  a l a n i n e  and l y s i n e .  However,  
S t r .  morbil lorum d i f f e r s  from other s t r e to c o c c i  in  t h a t  the c e l l  w a l l s
conta in  a s p a r t i c  acid and threonine  Table 2.3.
All of the  p repa ra t ions  of the c e l l  w a l l s  of AG+C conta in  a l an in e ,  
g l u t a m i c  a c i d ,  muramic a c id  and g lu c o sa m in e .  Th is  s u g g e s t s  a common 
primary s t r u c tu r e  in  the c e l l  w a l l s  of AG+C. However, Pc. g lyc jnoph i lus ,  
Pc. saccha ro lv t icus .  Megasphaera e l s d e n i i .  and spec ies  of  Streptococcus  
( S t r .  c o n s t e l l a t u s .  St r .  i n t e r me d i u s and S t r .  mo r b i l l o r u m) p o s s e s s  a
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s u b s t a n t i a l  amount o f  a l a n i n e  in  s h a r p  c o n t r a s t  t o  t h e  p r o p o r t i o n s  in  
the c e l l  w a l l s  of the o ther  AG+C.
The r a t i o s  be tween  hex o sam in es  (muramic  a c i d  and g lu c o sa m in e )  
var ied ; probably because muramic ac id  was l a b i l e  in  the  process of  the 
HC1 hydrolys is .  Another poss ib le  explanation  of the  lower molar r a t i o  
could  be t h e  c o lo u r  c o n t r a s t  of  n in h y d r i n  used  f o r  c a l c u l a t i o n  
( S a l t o n ,1964).
A p a r t  from g l u t a m i c  a c i d  and a l a n i n e ,  t h e  amino a c i d s  n e x t  in  
abundance in  th e  w a l l  o f  AG+C a re  g l y c i n e ,  l y s i n e ,  a s p a r t i c  a c i d ,  
se r ine ,  o rn i th in e ,  d iaminopimelic  acid  and threonine .  As shown in  Table
2.3, the  c e l l  w a l l s  of the  major i ty  of s t r a i n s  conta in  ly s in e  as  a major 
component . Only t h e  c e l l  w a l l s  o f  Pc. a s a c c h a r o l v t i c u s  (ATCC 14963),  
Pc. aerog.enes (NCIB 10064), P.c* n i g e r .  Pc. i n d o l i c u s ,  P s t .  m i c r o s .  P s t .  
p r o d u c t u s .  and ji* e l s d e n i i  which c o n t a i n  no l y s i n e  a r e  d i f f e r e n t .  
Aspar t ic  acid ,  se r ine ,  th reonine  and o rn i th in e  occurred l e s s . f r e q u e n t l y  
in  t h e  c e l l  w a l l  p r e p a r a t i o n s  o f  AG+C. A s p a r t i c  a c i d  was d e t e c t e d  in  
s i g n i f i c a n t  amounts  w i t h  a range  o f  0.5 -  1.0 m o la r  r a t i o  t o  g l u t a m i c  
a c i d  i n  14 ou t  of  24 AG+C s t r a i n s  w he rea s  s e r i n e  was found in  n in e  
s t r a i n s  (T ab le  2.3).  The f o l l o w i n g  two s t r a i n s  o f  AG+C c o n t a i n  
diaminopimelic  acid (DAP) as  a major c o n s t i tu e n t  ; P s t .  productus (ATCC 
27340) and He g a s p h a e ra  e l s d e n i i .  Among th e  t e s t e d  s t r a i n s ,  t h e  c e l l  
w a l l s  o f  Pc. a s a c c h a r o l v t i c u s  (ATCC 29743);  Pc. a e r o g e n e s (ftiCIB 
10064)TPc. i n d o l i c u s .  P s t .  m ic ro s ,  and V e i l l o n e l l a  p a r v u lu s  c o n t a i n e d  
o r th in in e  as a major co n s t i tu en t ,  whereas th reon ine  was de tec ted  in  the  
spec ies  of  Pc*. a saccha ro lv t icus  (ATCC 29743) and S t r .  morbil lorum.
The hydro lysa te  of the  c e l l  wall  p repa ra t ion  of  the spec ies  of  Pc. 
p r e v o t i i  and Gaffkva anaerobia have an i d e n t i c a l  composi t ion of g lu tamic  
a c id /a lan ine /g lyc ine / ly s ine /M uram ic  acid /glucosamine in molar r a t i o  ( 1: 
0.5 : 0.7 : 0.9 : 0.4 : 0.3 ). In  mos t  r e s p e c t s  th e  c o m p o s i t i o n  of  t h e  
c e l l  w a l l  o f  Pc.  s a c c h a x o l j t i c u s  was s i m i l a r  t o  t h a t  o f  Pc.  
g l v c i n o p h i l u s .  S t r .  c o n s t f e l l a t u s  (ATCC 27823) and S t r . . i n t e r me d i u s .  
(Tab le  2 .3).
The m ola r  r a t i o s  f o r  amino a c i d  c e l l  w a l l  c o m p o s i t i o n  o f  t h e  
s p e c i e s  o f  P s t .  a n a e r o b i u s  r e s e m b le  th o s e  o f  P s t .  p a r v u l u s  and 
S a r c i n a  v e n t r i c u l i , bu t  t h e  s t r a i n s  o f  P s t .  a n a e r o b i u s  c o n t a i n  h ig h
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molar r a t i o  of a s p a r t i c  ac id  and lower ly s in e  than t h a t  of the  s t r a i n s  
of  Pst .  parvu lus . w h i l s t  the  s t r a i n  Sarc ina v e n t r i c u l i  con ta ins  lower 
m o la r  r a t i o  o f  a l a n i n e  and a s p a r t i c  a c i d  ana h i g h e r  r a t i o  o f  g l y c i n e  
than t h a t  of Pst .  anaerobius.
I t  should be emphasized t h a t  these  r e s u l t s  r e f e r  only to  the  major 
amino ac id  components and do not exclude the p o s s i b i l i t y  t h a t  the c e l l  
w a l l s  of some AG+C possess  components conta ining a d d i t io n a l  amino ac id s  
i n  m inor  amounts .  Sometimes  c e r t a i n  amine a c i d s  i d e n t i f i e d  pose  a 
problem of i n t e r p r e t a t i o n  s ince i t  i s  d i f f i c u l t  to  decide whether such 
amino a c i d s  a r e  p a r t  o f  a c e l l  w a l l  s t r u c t u r e  o r  w h e th e r  thay  a r e  
derived from cytoplasmic remnants or  rep re sen t  the  remains of  surface  
p r o t e i n  l a y e r s .  However,  s e v e r a l  w o rk e rs  (Cummins and H a r r i s ,  1958; 
Tepper ,  Hayashi and B a r k u l i ,  1960; S a l t o n ,  1964, and S c h l e i f e r  and 
K a n d l e r , 1,972) em phas ized  t h a t  a r o m a t i c  amino a c i d s  ( p h e n y l a l a n i n e ,  
t y r o s i n e ,  and t r y p t o p h a n e ) ,  s u lp h u r  c o n t a i n i n g  amino a c i d s  (such  as  
c y s t e i n e ,  m e th io n in e )  , b ranched  amino a c i d s  ( l e u c i n e ,  i s o l e u c i n e  and 
v a l ine )  , h i s t i d i n e ,  a rg in ine  and p ro l in e  a re  non-wall  amino acids .
The c e l l  w a l l  components  of  th e  i n d i v i d u a l  s p e c i e s  w i l l  be 
d iscussed  toge ther  w i th  t h e i r  u t i l i z a t i o n  of  amino acids .
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5. Amino Acid Utilization by AG-:-C
5.1 M a te r ia l s  and Methods
Out o f  a c o l l e c t i o n  o f  116 a n a e r o b i c  Gram p o s i t i v e  c o c c i  from a 
v a r i e t y  of  c l i n i c a l  s o u r c e s  ( a t  S t  Lukes  and S t  Thomas’s h o s p i t a l ) ,  
f i f t e e n  s t r a i n s  were  s e l e c t e d  f o r  t h e  amino a c i d s  s tudy  t o  i n c l u d e  
r e p r e s e n ta t i v e s  .from each of the  spec ies  i d e n t i f i e d  in an e a r l i e r  study, 
(T ab le  2 .1 .4 ) ,  t o g e t h e r  w i t h  a number o f  type  c u l t u r e  c o l l e c t i o n  
re fe rence  s t r a i n s , ( T a b l e  2.1.3).
5.1.1 Source o f  s t r a i n s
A l l  o rg a n i s m s  t e s t e d  ( e i t h e r  f r e s h  or  r e f e r e n c e  s t r a i n s )  were  of  
c l i n i c a l  o r ig in .  The method of s e l e c t io n  of the  f r e s h  i s o l a t e s  fo r  the  
amino ac id  study was em pir ica l  and based on the  e a r l i e r  i d e n t i f i c a t i o n  of  
i s o l a t e s ,  using,  t h e  VPI Manual (Holdeman, Cato and Moore, 1977). The 
main emphasis was to  s e l e c t  i s o l a t e s  most t y p ic a l  from a range of  w e l l  
ch a rac te r i s ed  species.  The s t r a i n s  used and the sources were th e re fo re  as  
fo l lows:  Pc. a sa c ch a ro lv t i c u s . ATCC 14963, 25, 60, 103 ( f re sh ly  i s o l a t e d  
f ro m  p u s  f rom  u t e r u s ,  pus  f rom  i n f e c t e d  wound, and  u l c e r  swab  
re spec t ive ly ) ;  Pc. anaerob ius , (v a r i a b i l i s ). ATCC 14956, ATCC 14956; Pc. 
n iger ,  ATCC 27731; Pc. g lv c in o p h i lu s . ATCC 23195; Pc*. magnus (v a r i a b i l i s  
or anaerobius). ATCC 29328, 79 ( f resh  i s o l a t e  from paronychial  pus); Pc. 
p r e v o t i i . ATCC 13, 98 ( f r e s h  i s o l a t e s  from f i n g e r  i n f e c t i o n ,
s c r o t a l  pus r e s p e c t i v e l y ) ;  Pc. s a c c h a r o l v t i c u s , ATCC 14953, 83 ( f r e s h  
i s o l a t e  from p i lono ida l  s inus  abscess);  Pst .  anaerobius , ATCC 27337, 35, 
-87 ( f r e s h  f r o m - b u t t o c k  a b s c e s s ,  HVS r e s p e c t i v e l y ) ;  Ps t .  mi c r o s . ATCC 
33270, 69 ( f r e s h l y  i s o l a t e d  from h ip  u l c e r ) ;  P s t .  p a r v u l u s . VPI 0546; 
Ps t .  productus . ATCC 27340, 74 ( f resh ly  i s o la t e d  from a x i l l a r y  abscess) ;  
S a r c i na v e n t r i c u l i .  VPI 6218; G a f fk va a n a e r o b i a.  VPI 6288, 81 ( f r e s h l y  
i s o l a t e d  from HV S) ; S t r .  c on s t e l l a t u s , ATCC 27823, ATCC 27573; S t r .  
i n t e rme d i us.  ATCC 27335, 65, 112 ( f r e s h l y  i s o l a t e d  from i n f e c t e d  
abdominal wound); S t r .  morbil lorum. ATCC 27824, ATCC 27527; Megasphaera 
e l s d e n i i .  ATCC 25940, 15 ( f r e s h l y  i s o l a t e d  from wound i n f e c t i o n )  and 
V e i l l o n e i i a  parvu la . ATCC 10790.
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Cultures  were checked fo r  pur i ty  and had been subjec ted  to  a s e r i e s  
of  s t a n d a r d  d i f f e r e n t i a l  t e s t s  based  on t h a t  recommended by Holdeman, 
Cato and Moore, (1977) in the  VPI manual. In most r e s p e c t s  the  major i ty  
of  th e  o rg a n i s m s  conformed w i t h  th e  c h a r a c t e r i s t i c s  o f  th e  d e s i g n a t e d  
spec ies .
5.1.2 Maintenance of  S t r a in s
Pure i s o l a t e d  co lon ie s  (from f resh  i s o l a t e s  and re fe rence  s t r a i n s )  
on p r e - r e d u c e d  b lood a g a r  were p ick ed  t o  10 ml vo lum es  o f  cooked meat 
media  in  screw capped b o t t l e s ,  ana i n c u b a t e d  f o r  18 h r  a t  37°C under  an
a n a e r o b i c  a tm o sp h e re  ( c o n t a i n i n g  855 N, 55 H, and 105 CO2 ) i n  th e  
a n a e r o b i c  c a b i n e t .  The b o t t l e s  c o n t a i n i n g  t h e  c u l t u r e s  were  f i r m l y  
screwed and s tored  a t  4°C in the  dark.
5.1.3 Medium:
The medium used fo r  the  study of the  u t i l i z a t i o n  of amino a c id s  by 
th e  members o f  a n a e r o b i c  c o c c i  was m o d i f i e d  a f t e r  E lsden  and H i l t o n  
(1979).  T h e i r  medium was used in  th e  s tudy  o f  c l o s t r i d i ' a  and f o r  t h e  
purpose  o f  t h i s  s tudy su p p le m e n ts  a r e  i n c l u d e d  w i t h  an a s t e r i s k .  Thus 
the  medium contained (per 100 ml d i s t i l l e d  water):  Casamino a c id s  (Difco, 
C a ta logue  No. 0230. 0 2 -0 ) ,  3g.; t r y p t i c a s e  pep tone  (BBL, C a ta lo g u e  No. 
11920), 0.1 g . ; y e a s t  e x t r a c t  (Oxoid,  code L21),  0.1 g . ; L - t r y p t o p h a n ,  
0.1 g . ; ( s a l t  s o l u t i o n " ) ,  4 ml; r e s a z u r i n  s o l u t i o n "  0.4 ml; v i t a m i n  k-j" -  
haemin" s o l u t i o n  1 ml; Tween 80",  0.02 ml; c y s t e i n e  h y d r o c h l o r i d e " ;  
0.05g.
I t  was important to  e l im in a te  carbohydrates  from the medium to  study 
-whether anaerobic  Gram-posit ive  cocci r e q u i r e  fermentable  sugars  or a re  
able  to  u t i l i z e  amino ac ids  as  a source of energy. On the  o the r  hand the  
m e ta b o l i sm  of amino a c i d s  (by th e  s p e c i e s  of  C l o s t r i d i a  such  a s  Cl. 
sporogenes) was repor ted  to  be a f f e c t ed  by carbohydrates  (Saissac  e t  a l . ,  
1948 and E lsden ,  M ar t in  and H i l t o n ,  1978). However,  y e a s t  e x t r a c t  
c o n t a i n s  135 o f  c a r b o h y d r a t e s  which i n d u c e  g lycogen ,  t r e h a l o s e ,  and 
pentoses from hydro lys is  of gums (Anon, 1956), never the le s s ,  the  amount 
o f  c a r b o h y d r a t e s  (0.013 g8) d e r i v e d  from y e a s t  e x t f t r a c t  was n o t  
s i g n i f i c a n t .
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Casein hydrolysa te  was included in  the  medium to  serve as  a n i t rogen  
and carbon  so u rc e  and to  s e r v e  a s  the  p r i n c i p a l  so u rce  o f  amino a c i d s .  
Tryp tophan  was added t o  r e p l a c e  t h a t  d e s t r o y e d  i n  t h e  m a n u f a c tu r e  o f  
casamino ac id s ,  on ac id  hydro lys is  of casein  (Elsden and Hi l ton ,  1979).
5.1.3. i S a l t  S o lu t ion :-
I n o r g a n i c  e l e m e n t s  namely phosphorus ,  p o t a s s iu m ,  magnesium and 
ca lc iu m  were  i n c l u d e d  in  th e  s a l t  fo rm s ,  a c c o r d i n g  t o  t h e  fo r m u la  
recommended by Hoideman, Cato and Moore (1977).  These i n o r g a n i c  
compounds play i m p o r t a n t  r o l e s  in  th e  p h y s i o l o g i c a l  f u n c t i o n s  o f  
b a c t e r i a l  c e l l ,  fo r  example phosphorus i s  a c o n s t i tu e n t  of nuc le ic  a c id s ,  
phosphol ipids ,  coenzymes and requ ired  fo r  phosphorylation; i ron  fo r  the  
syn thes is  of  cytochrome enzymes (Waring and Werkman, 1944). Potassium, 
calcium and magnesium are  p r in c ip a l  inorganic  ca t ions  in  the c e l l s  and 
c o f a c t o r s  o f  many en zy m a t ic  r e a c t i o n s  such as  p r o t e i n a s e s ,  and t h o s e  
involving ATP and func t ions  in binding enzymes to  s u b s t r a t e s  (S tan ie r  e t  
a l . ,  1976).
5.1. 3.i.i P r e p a r a t i o n  of  S a l t  S o lu t ion : -
0.2 g of  each of CaQ^ and MgSOn were mixed in  300 ml of d i s t i l l e d  
w a te r  u n t i l  d i s s o l v e d .  F ive  hundred ml o f  d i s t i l l e d  w a t e r  was added. 
W h i l s t  s w i r l i n g ,  th e  r e m a in in g  s a l t s ;  I^HPOq, 1.0 g; K ^PO ^ ,  1.0 g; 
NaHCO^, 10.0 g; and NaCl 2.0 g, were added s lo w ly .  Two hundred  ml o f  
d i s t i l l e d  water  was added and mixed and s to red  a t  4°C.
5.1.3.2 Carbon D io x id e : -
In the ear ly  s tages  of  growth, most organisms t h a t  depend on organic  
carbon sources a l so  req u i re  inorganic  CO2 as  n u t r i e n t  in small  amounts, 
s ince  t h i s  compound was repor ted  by Wakil (1970) t o  be u t i l i z e d  in  a few
b i o s y n t h e t i c  r e a c t i o n s  such a s  f a t t y  a c i d  b i o s y n t h e s i s  in  which  CO2 
s t im u la te s  the  incorpora t ion  of a ce ty l -S  Co A in to  long chain acy l  groups 
in  the presence of ATP, manganese and b io t in .  Moreover, complete removal 
of  CO2 o f t e n  d e l a y s  o r  p r e v e n t s  th e  g ro w th  of  a n a e r o b i c  c o c c i  ( R e i l l y ,  
1980). Thus t h e  r e q u i r e m e n t  f o r  CO2 e x p e r i m e n t  was met by
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incorporation of NaHCO^ in the medium.
5 . i . 3 .3  Vitamin K-j and Haemin:-
V i ta m in  K-j and haernin in  f i n a l  c o n c e n t r a t i o n  o f  0.5-1 jug/ml and 5 
/.ig/ml r e sp ec t iv e ly  in the  medium enhance the growth of anaerobic  cocci 
(Dowell  and Hawkins,  1974; Bowden and H a rd ie ,  1971; F i n e g o l d ,  e t  a l . ,  
1972; Hcldernan, e t  a l . ,  1977 and W i l l i s  1977). However, haernin con ta ins  
iron ( t r ace  element) which i s  a c o n s t i tu e n t  of  cytochromes and c o fa c to r  
f o r  a number of  enzymes.  Hence t h e s e  compounds were  i n c l u d e d  in  t h e  
medium.
5 -1 .3 . 3.1  .Preparation of  Vitamin K-j -  Haernin S o lu t ion :-
5.1.3.3.1.1 Vitamin K-j Stock Solut ion
100 mg of v i tamin  k-j was d isso lved  in 20 ml ethanol (951).
5.1.3.3.1.2 Haernin Stock S o lu t ion :-
50 mg o f  haernin was d i s s o l v e d  in  1 ml o f  1M NaOH, th e n  100 ml o f  
d i s t i l l e d  water  was added and s t e r i l i z e d  by autoclaving  a t  115°C f o r  15 
minutes.
5 -1.3 .3 .1.3 Working S o lu t ion : -
One ml o f  v i t a m i n  K-| s t o c k  s o l u t i o n  was added t o  100 ml o f  haernin 
s tock so lu t ion .  1 ml of the working s o lu t io n  was added to  100 ml of the 
medium (W i l l i s  1977).
Storage of the Working S o lu t ion : -
The so lu t ion  was kept in a brown b o t t l e  a t  4°C and was d iscarded  i f
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not used a f t e r  one month (Holdernan, e t  a l . ,  1977).
5.1.3.4 Pep tone
Peptone was added in  a f i n a l  c o n c e n t r a t i o n  o f  0.1 g % a s  a main 
sou rce  of  th e  t r a c e  m e t a l s  p a r t i c u l a r l y  copper  (32 p.p.m.fi), z i n c  (20 
p.p.m.5),  and magnesium (300 p.p.m.5) on t h e  b a s i s  o f  th e  d a ta  o f  Anon, 
(1956) who s t a t e d  t h a t  pep tone  w i t h  copper  c o n t e n t s  r a n g in g  be tw een  9 
and 150 p.p.m. gave good g ro w th  o f  S taoh .  a u r e u s , w hereas  t h e  same 
o rgan ism  was i n h i b i t e d  a t  a c o n c e n t r a t i o n  o f  940 p.p.m. Anon (1956) 
suggested t h a t  the  growth was not a f f e c t ed  when the  medium was autcc laved 
in screw capped b o t t l e  or when reducing agents  were presen t.  Specula t ion 
i n d i c a t e s  t h a t  a l l  c o n d i t i o n s  a r e  i n  a c c o r d a n c e  w i t h  Anonf s 
recommendations. On the o ther  hand peptone conta ins  pep t ides  which are  
required  fo r  some anaerobes such as Clost rid ium spec ies  (Stadman, 1954) 
and Ruminococcus (Bryant and Robenson, 1961b).
5.1 .3 .5 Y eas t  E x t r a c t : -
Incorpora t ion  of  yeas t  e x t r a c t  in  the  medium provided growth f a c t o r s  
namely the  members of v i tam in  B complex in  adequate amounts. Anon (1956) 
showed t h a t  the  mean c o n s t i t u e n t s  (pg/g) of yeas t  e x t r a c t  were th iamin , 
119.9; r i b o f l a v i n e ,  56.2; n i a c i n ,  260.4; n i c o t i n a m i d e ,  65; p a n t o t h e n i c  
a c i d ,  350.3; p y r i d o x i n e ,  13.9; PABA, 37.55; f o l i c  a c i d ,  10.6; b i o t i n  7; 
i n o s i t o l ,  8; choline ,  833-3-
5.1.3.6 Tween 6 0 : -  ------- - ....... - .......... ........... ......
The ad d i t ion  of  Tween 80 a t  a f i n a l  concen tra t ion  o f  0.025 was found
t o  improve th e  g row th  of  a n a e r o b i c  c o c c i  (Hare e t  a l . , 1  952; Thomas and 
Hare 1954) s ince  t h a t  t ime t h i s  compound i s '  added rou t ine ly  to  the  medium
for  growing t h i s  group of organisms.
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5 .1.3 .7 Reducing agents
Anaerobic b a c te r i a  unl ike  the  aerobes,  a re  unable to  reduce ordinary 
a e r o b i c  media t o  th e  Eh l e v e l  a t  which they  can g e r m i n a t e .  In  o r d e r  t o  
provide a s u i t a b l e  environment fo r  anae rob ios is  i t  i s  necessary to  add a 
r e d u c in g  a g e n t  such  a s  g l u c o s e ,  sodium t h i o g l y c o l l a t e  and c y s t e i n e -  
h y d r o c h l o r i d e  (Lewis  and R e t t g e r ,  1940; S t u a r t ,  1956; Cary and B l a i r ,  
1964; and Dowell and Hawkins, 1977). Glucose and sodium th iog ly  c o l l a t e  
were excluded in t h i s  experiment as reducing agents ,  because the  former 
i s  a source of carbohydrate,  and the l a t t e r  compound i s  i n h ib i to r y  to  the  
g ro w th  o f  a n a e r o b e s ,  and g r a d u a l l y  becomes s l i g h t l y  t o x i c  t o w a r d s  a 
v a r i e t y  of  a n a e r o b i c  b a c t e r i a  i n c l u d i n g  a n a e r o b i c  c o c c i  (Ornata- and 
D i s r a e l y ,  1956, Hosse i  and B ee rens ,  1968; H i b b e r t  and S pence r ,  1970; 
P h i l l i p s  and Sussman, 1974 and W il l i s , -  1977). For some common moderate 
a n a e ro b e s  many exogenous  t h i o l s  ( e s p e c i a l l y  t h i o g l y c o l l a t e )  markedly  
enhance b a c t e r i c i d a l  e f f e c t  of  oxygen ( G r i f f i t h s  and S h o e s m i th  1977).  
Cystein hydrochloride was incorpora ted  in  the  medium not.only  as reducing 
s u b s t a n c e  b u t  a l s o  a s  a sou rce  of  s u l p h u r  because  i t  c o n t a i n s  a 
s u l p h h y d r y l  group. Su lphur  i s  a c o n s t i t u e n t  o f  some coenzymes such as  
CoA, and carboxylase.
5 . i .3 .8 Resazur in  So lu t ion :'-
The i n d i c a t o r  f o r  a n a e r o b i o s i s  in  t h e  medium was r e s a z u r i n  a t  a 
f i n a l  concen tra t ion  o f  0.001 rngp. Resazurin showed a colour change (from 
blue to  co lou r le ss )  with very l i t t l e  C>2 contaminat ion a t  an Eh range of -  
42 m i l l i v o l t  in the  medium of pH 7.0. In c o n t r a s t  methylene blue showed 
a c o lo u r  change a t  +11 m i l l i v o l t s .  The Eh range o f  t h e  p r e - r e d u c e d  
anaerobic  s t e r i l i z e d  medium was -150 to  -170 m i l l i v o l t .  (Spala,  Ponks 
and fieb le t t ,  1975.)      .... . ....... .....
5.i.3.8.i P r e p a r a t i o n  o f  Resazur in  S o lu t ion : -
Twenty f i v e  nig o f  r e s a z u r i n  was d i s s o l v e d  i n  100 ml o f  d i s t i l l e d  
water  and s to red  a t  4°C (Holdeman, Cato and Moore, 1977).
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5.i.3*9 Preparation of Medium:-
5.1.3.9.1 Avoidance of  Amino Acid Con tarn ins t  ion: -
In order to  avoid amino ac id  contaminat ion which might der ive  from 
the f i n g e r p r i n t s ,  g lassware ,  and water (Hamilton, 1965; Oro and Shewes, 
1965),  th e  method o f  H am il ton  and Nagy (1972) was used a s  f o l l o w s :  
microgloves .were  worn during handling of samples ana c leaning  glassware.  
All g lassware  used in the  experiment were cleaned wi th  soap and water 
and soaked in  55 HaKCO? s o l u t i o n  in  o r d e r  to. s a t u r a t e  a l l  a c t i v e l y  
charged s i t e s  on the  surface  with sodium ions. After  drying a t  160°C the  
g lassware  was wrapped in aluminium f o i l  and f i r e d  a t  500°C fo r  6 hr. Both 
g la s s  and wrapping were thus decontaminated.  T r ip le  deionized water was 
used fo r  the  p repara t ion  of the  reagents  (Rash e t  a l . ,  1972).
5.1.3.9.2 P repara t ion  o f  Medium
The s o l id  in g red ien ts  were d isso lved  using a magnetic s t i r r i n g  hot 
p l a t e  and the medium was boiled  u n t i l  the colour of r e saz u r in  i n d i c a to r  
was changed from pink  t o  c o l o u r l e s s .  The b o t t l e  was s t o p p e r e d  and 
a l lo w e d  to  cool .  The pH of  th e  medium was a d j u s t e d  to  7.4,  u s in g  8 M- 
NaOH and 5 f'-HCl ( u s u a l l y  th e  c o lo u r  of  th e  medium became p in k ) ,  and 
placed in an anaerobic  atmosphere (conta ining 855 Nitrogen, 5$ Hydrogen 
and 105 CO2) in an anaerobic  cabinet,  (Forma S c i e n t i f i c  Model 1024/1028). 
V i t a m in  k-j-Haemin s o l u t i o n  and c y s t e i n e  were  added and the  b o t t l e  was 
stoppered and mixed by invers ion.  The b o t t l e  was opened and the  medium 
was re-exposed to  an anaerobic  atmosphere u n t i l  the gases  were exchanged 
( t h e  r e s a z u r i n  i n d i c a t o r  become c o l o u r l e s s ) .  Then t h e  medium was 
.d i sp en sed  in  10 ml l o t s  w i t h  a Cornwall  s y r i n g e  in  15 ml screw capped 
b o t t l e s ,  stoppered f i rm ly  and autoclaved a t  115°C fo r  15 min.
5 .1 .3 .9 .3 Storage of the Prepared Medium:-
The pre-reouced medium was s to red in an anaerobic  j a r  a t  4°C u n t i l  
needed. Any b o t t l e s  which became pink before use were discarded.
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5.1.4 Inoculation and Incubation:—
The m a i n t a i n e d  c u l t u r e s  i n  cooked meat  medium were  s t r e a k e d  o n to  
f resh ly  prepared Blood Brain Heart In fus ion  Agar (BBHIA), and incubated 
a t  37°C f o r  24 hr .  The casam ino  a c i d s  medium w a s - d i r e c t l y  and h e a v i l y  
inocula ted  from pure c u l tu re s  (24 h) on blood agar p l a t e s  by scraping  the  
co lon ies  from the surface  of  the  agar  using a s t e r i l e  platinum loop. The 
i n o c u l a t e d  b o t t l e s  .were s t o p p e r e d ,  mixed by i n v e r s i o n  u n t i l  even 
emulsions of  b a c t e r i a  were obtained and incubated a t  37°C fo r  7 days in 
the anaerobic  cabinet.  All b o t t l e s  were a g i t a t e d  manually each day s ince  
a mechanical shaker could not be int roduced in to  the  anaerobic  cabine t .  
The c o n t r o l  medium (which  was u n i n o c u l a t e d )  was exposed  t o  t h e  same 
condi t ions  of incubation.
At th e  end o f  th e  i n c u b a t i o n ,  th e  v i a b i l i t y  and t h e  p u r i t y  o f  th e  
c u l t u r e s  were checked by s t r e a k i n g  on BBHIA p l a t e s  and i n c u b a t e d  f o r  3 
days. The growing co lon ie s  were examined by Gram-stain.
5.1.5 P repara tion  of the  Samples fo r  Amino Acid A nalysis : -
One ml of  4 N - p e r c h l o r i c  a c i d  was added t o  10 ml of  th e  i n c u b a t e d  
c u l tu re  and cen t r i fu g a ted  a t  4000 R.P.H. fo r  20 minutes. P e rch lo r ic  ac id  
p r e c i p i t a t e s  p r o t e i n s  i n c l u d i n g  b a c t e r i a l  c e l l s  (Dawson e t  a l . ,  1965; 
Mead 1971, and E lsden  and H i l t o n ,  1979). Excess  p e r c h l o r i c  a c i d  was 
p r e c ip i t a t e d  as  the  potassium s a l t  by n e u t r a l i z in g  the  supernatan t  w i th  1 
ml o f  4 M-KOH, and then  coo led  im m e d ia te ly  t o  0°C in  i c e  f o r  30 rnin 
(KCIOjj i s  more s o l u b l e  a t  room t e m p e r a t u r e  th a n  a t  0°) and t h e  
p r e c i p i t a t e  of  KClOa was removed by c en t r i fu g a t io n  a t  4000 R.P.M. fo r  20 
min.
5.T.5.i Storage o f  Deproteinized .Media:-
The c l ea r  depro te in ized  medium was kept a t  -20°C fo r  the  a n a ly s i s  
of amino ac ids  by th in - l a y e r  chromatography and amino ac id  analyzer .
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5.1.6 j Q u a l i i a t i v e  A na l^ys i s  o f  Amino A c i d s  using; T h i n ^-la v e r
Chromatography: -
5.1.6.1 Developing Systems: -
The d e v e lo p in g  s o l v e n t s  f o r  th e  two d im e n s i o n a l  t h i n  l a y e r  
chromatography were as  fo l lows:
Solvent 1 -  Isopropanol;  a c e t i c  acid ;  water -75:10:15 v/v -  ( S c h le i i e r  
and Handler, 1972).
S o lv e n t  £ -  Methanol;  p y r i d i n e ;  10 N-HC1; w a t e r  -6 4 :8 : 2 :1 4  v /v  -
(Rhuland, e t  a l . ,  1955)
5 .1 .6 .2  Thin Laver Chromatographic Shee ts :-
Cel lu lose-coa ted  aluminium sheets  (20 x 20 cm, Merck cata logue  ho. 
5552) which was recommended by Harper  and Davis  (1979)? were  used in  
t h i s  s tudy .
5 .1 .6 .3 Chromatographic Conditions:-
For two dimensional th in  l ay e r  chromatography, two Shandon TLC tanks 
(30 x 22 x 13 cm) were used.  To s a t u r a t e  th e  tan k  a tm o s p h e re  w i t h  t h e  
s o l v e n t s ,  two w a l l s  o f  each tank  were  l i n e d  i n t e r n a l l y  w i t h  b l o t t i n g  
paper ,  and ca.  100 ml of s o l v e n t  was pu t  i n t o  th e  t a n k  f o r  24 h b e f o r e  
runs.
The TLC s h e e t s  were  marked w i t h  seven o r i g i n a l  p o i n t s  1.5 cm from 
the  two sheet edges, and penci l  l i n e s  were made 15.5 cm from and p a r a l l e l  
to  the  shee t edges. The s t r i p s  4.5 cm wide were used fo r  one-dimension 
chromatography fo r  both the sample ana the s tandard amino acids .
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5.i.6.4 Application of Samples:-
.Two. m i c r o l i t e r s  of  sample were spotted  by Drummond m ic r o -p i p e t t e s  a t  
the corner of the  sheet ( fo r  two dimensional run). Another two samples 
were spotted  on the  s t r i p  along w i th  con t ro l  s tandard  so lu t io n  o f  amino 
a c id s  ( fo r  one dimensional run). The spo ts  on the  shee t .were  l e f t  to  dry 
a t  room temperature .
5.1.6.5 Development of  Chromatograms in the  F i r s t  Dimension: -
About 30 min p r i o r  t o  th e  d eve lopm en t ,  th e  o ld  s o l v e n t  ( f o r  
s a t u r a t i o n  o f  t a n k  a tm o s p h e re )  was d i s c a r d e d  and r e p l a c e d  by 100 ml o f  
f r e s h  Solvent ko.1. After checking with  a s p i r i t  l e v e l  t h a t  each tank i s  
ho r izo n ta l ,  two d u p l ica te  p l a t e s  were pos i t ioned  c a r e fu l ly  in the  tank 
w i t h  t h e i r  lo w er  edges  d ip p in g  i n t o  t h e  s o l v e n t .  All  s o l v e n t s  were  
allowed to  ascend u n t i l  the  so lvent  f r o n t  was w i th in  15.5cm of  the  top. 
The chromatograms were then dr ied  overn ight a t  room tempera ture
5 .1 .6 . 6  Development in  the  Second Dimension: -
B efore  deve lopm ent  o f  th e  p l a t e s  in  the  second d im e n s io n ,  a n o t h e r  
chromatogram tank was p resa tu ra ted  wi th  Solvent No.2. The old so lven t  
was d i s c a r d e d  and r e p l a c e d  by 100 ml o f  f r e s h  S o l v e n t  No.2. The p l a t e s  
were  then  developed  a t  r i g h t  a n g l e s  t o  t h e  f i r s t  d im en s io n  u n t i l  t h e  
so lven t  f r o n t  was again 15.5 cm above the s t a r t i n g  pos i t ion .  The p l a t e s  
were  removed and d r i e d  o v e r n i g h t  a t  room t e m p e r a t u r e  i n  a v e n t i l a t e d  
p lace .
5 .1 .6 .7  Detection of Amino Acids:-
The developed p l a t e s  were t r a n s f e r r e d  to  a fume hood, supported in a 
v e r t i c a l  p o s i t i o n  and sp ray ed  w i t h  0.25 n i n h y d r i n  in  a c e t o n e  u s in g  a 
Shandon a tomizer  spray un i t ,  which was held a t  a d is tance  of about 30 cm 
from th e  p l a t e s .  The s p o t s  were developed  by h e a t i n g  i n  a c o n v e c t i o n  
oven fo r  15 min a t  105°C.
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5.1.7 Quantitative Analysis of Amino Acids:-
Q u a n t i t a t iv e  a n a ly s i s  of araino a c id s  was made w i th  a Durrani amino 
ac ids  analyzer  (Model D-500, Durram Ins trument Corporation,  3950, Fabian 
Hay, Palo Atlanto  C a l i fo rn ia ,  USA) in Uppsala Univers ity ,  Sweden.
5.1.7.1 Type of  Column: —
The column used was an io n -e x c h an g e  r e s i n  (C a ta lo g u e  Mo.14179),  
s t a i n l e s s  s t e e l  tu b e  ty p e ,  50 cm long  w i t h  i n s i d e  d i a m e t e r  o f  1.75 mm. 
Packed w i t h  f i n e  p a r t i c l e s  (8+2 m ic rons )  ion -ex ch an g e  r e s i n  (85 c r o s s  
l inked).  Column temperature  was 51.7°C, changed to  57.5 a t  25 min.
5.1.7.2 E lut ion Buffers
The e lu t io n  buffer  was contained in an auto -grad  mixing v e sse l  which 
e n su r ed  a c o n t i n u a l l y  i n c r e a s i n g  pH g r a d i e n t  w i t h  t im e .  Three b u f f e r  
s o l u t i o n s  o f  i n c r e a s i n g  sodium ion c oncen t ra t ion  a t  near ly  cons tan t  pH 
v a l u e s  were  used  a s  e l u e n t s  ( P i c o - B u f f e r  System I I ,  Durram Chem ica l  
Corp.,  Pa lo ,  A l t c ,  C.A.)
The flow ra te  through the  buffe r  reagent system was s e t  by s t roke  of 
a pump. A micrometer on the pump was ad jus ted  to  produce a b u f f e r  flow 
r a t e  of 10 m i l l i l i t e r  per hour. The e lu ted  amino ac id s  were reac ted  w i th  
ninhydrin  and t h e i r  absorbance measured a t  590 nano-meter (nm) -  440 nm 
f o r  p ro l ine  - .  Peak a reas  of the  absorbance t ime curves were q u a n t i f i e d  
w i t h  r e f e r e n c e  t o  th e  n c r l e u c i n e  ( i n t e r n a l  s t a n d a r d )  and v a l u e s  were  
co rrec ted  fo r  v a r i a t i o n s  in the  amino ac id  -  s p e c i f i c  i n t e n s i t y  of the  
c o lo r im e t r i c  r eac t io n s .  Since trie Durram AAA-D-500 was computerized,  the  
a rea  of the  peaks was ca lcu la ted  by in t e g r a t in g  the  10-per-second, sample 
measurement made between the s t a r t  and the end of the peak. An a lgor i thm  
was-used t o  analyze the  data as i t  was in teg ra ted .  The h ig h es t  po in t  of 
th e  peak was d e t e r m in e d  and i t s  t im e  of  o c c u r r e n c e  r e c o r d e d .  When t h e  
m easurem ent  r e t u r n e d  t o  t h e  b a s e l i n e  o r  s t a r t  t o  i n c r e a s e  a g a i n  
( in d i ca t in g  two overlapping peaks),  th e  com pute r  s t o p s  th e  i n t e g r a t i o n  
fo r  the  peak t h a t  has been detected.
1 3 7
A sample of 100 ju! of depro te in ized  medium was taken i n to  a small  
tube and 100 ^1 of norleucine  so lu t ion  was added. Nor- ieucine  so lu t io n  
contained 10 moles of  no r - leuc ine  per ml. The mix ture  was d i lu te d  by
2.5 ml of a c e t a t e  b u f f e r  (pH 2.2). Thirty  m i c r o l i t e r s ,  was i n j e c t e d  in to  
the  column.
5.1.8 Computer Methods:
5.1.8.1 S t a n d a r d i z a t i o n  of  the v a lu e s :
Q u a n t i t a t iv e  data was s tandard ized using the  formula (Sneath 1978):
X i j  = (X i j  -  X i ) /  s i
where X i j  and X i j  a r e  th e  s t a n d a r d i z e d  and o b se rv ed  v a l u e  o f  t h e  
i t h  amino a c i d  f o r  th e  j t 'n  o rgan ism ,  Xi and Si a r e  t h e  mean and S.D. o f  
the  i t h  amino acid  fo r  a l l  organisms and the  uninocula ted medium.
-sms.? Calcula tion  of  resemblance between i s o l a t e s :
5.1.8.2.1 Q u a n t i t a t i v e  d a t a :
A d i s s i m i l a r i t y  matrix  was ca lcu la ted  based on Euclidean d i s t a n c e s  
using the s tandard ised  q u a n t i t a t i v e  d a t a  where th e  taxonom ic  d i s t a n c e  
—  (D) was ca lcu la ted  according to  Sneath (197c) as  follows:. .
D^jk = L2U (Xii  -  Xik)2l
n
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Where X i j  i s  t h e  v a l u e  f o r  c h a r a c t e r  i  o f  s t r a i n  j  and Xik i s  t h e  
v a l u e  f o r  c h a r a c t e r  i  o f  s t r a i n  k ,n  i s  th e  numbers  o f  c h a r a c t e r s  
examined.
5.1.8.2.2 Q u a l i t a t i v e  d a t a :
C a l c u l a t i o n  o f  s i m i l a r i t y  f o r  t h e  q u a n t i t a t i v e  d a t a  ( s t r o n g  
u t i l i z a t i o n  = 1 and  non u t i l i z a t i o n  = 0 ) -were  made u s i n g  tw o  
c o e f f i c i e n t s : '
5 .i.8 .2 .2 .i Simple Matching C oef f ic ien t  (Sokal and Michener 1QSS):
The simple matching c o e f f i c i e n t  i s  defined as  the  r a t i o  of the  t o t a l  
number of matches to  the  t o t a l  number of  ch a rac te r s  and expressed as:
o _ a + d 
°sm "  ------------
a+b+c+d.
5.r.8 .2.2.2 Jaccard1 C o e f f i c i e n t  ( J a c c a r d .  19.08):
J a c c a r d ’s c o e f f i c i e n t  i s  d e f i n e d  a s  t h e  r a t i o  of t h e  number of  
p o s i t iv e  matches t o  the  t o t a l  number of ch a rac te r s  minus the number of  
n e g a t i v e  m a tches .  The c o e f f i c i e n t  was c a l c u l a t e d  a c c o r d i n g  t o  t h e  
fo llowing formula:
a-i-b-rC
where a i s  the  number of p o s i t iv e  ch a rac te rs  in both s t r a i n s
b i s  th e  number of p o s i t i v e  c h a r a c t e r s  in  s t r a i n  i  and 
negative  in  s t r a i n  j .
c i s  t h e  number of  n e g a t i v e  c h a r a c t e r s  in  s t r a i n  i  and 
p o s i t iv e  in s t r a i n  j.
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d i s  the  number of negative  c h a r a c te r s  in  both s t r a i n s
5.1.9 The Construction of  the  Dendrogram:-
Dendrograms were  c o n s t r u c t e d  using the method of unweighted-pair -  
g ro u p -a r i th m e t ic  average (UPGMA) l inkage  by Sokal and Michener (1958).
The c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t s  (r) were determined using 
the  methods described by Sneath and Sokal (1973).
T h is  c o e f f i c i e n t  m easu re s  t h e  d e g re e  o f  d i s t o r t i o n  imposed on a 
h i e r a r c h i c a l  c l a s s i f i c a t i o n  compared w i th  the s i m i l a r i t y  ( d i s s i m i l a r i t y )  
matr ix  being c lu s te red .
A l l  c a l c u l a t i o n s  were  made u s in g  t h e  CLUSTAN package v e r s i o n  2 
(Wishart  1978), and the  BEST program (T.N. Bryant,  unpublished program) 
on the  Prime 750 computer system of the  Univers ity  of Surrey.
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5.2 Results
Casamino ac id s  medium supported the  growth of the  s t r a i n  o f  AG-i-C 
t e s t e d  b u t  th o s e  o f  P s t .  pa r v u l u s  (VPI 0546);  S t r .  morbi l l o r u m (ATCC 
27527) and Pc. n ige r  (ATCC 27731) showed scanty growth.
The q u a n t i t a t i v e  a n a ly s i s  of  both the uninocula ted  and inocu la ted  
media (Figure 1.2) revealed  t h a t  11 out of  39 s t r a i n s  o f  anaerobic  cocci 
u t i l i z e d  a l l  the  threonine  a v a i l ab le .  A f u r t h e r  four  c u l tu re s  u t i l i s e d  
only  45.85 o f  t h a t  compound. I t  would be p o s s i b l e  th en  t o  g roup  t h e  
remaining organisms according to  t h e i r  a b i l i t y  to  u t i l i z e  th reon ine  (p = 
0.01) in to  (1) weak u t i l i z e r s  (1 s t r a in ) :  (2) n o n - u t i l i z e r s  (13 s t r a i n s )  
and (3) th o s e  which produce  t h r e o n i n e  (10 s t r a i n s ) .  In  th e  c a se  o f  
se r in e  (Figure 13), 84.25 (32 s t r a i n s )  o f  the  organisms u t i l i z e d  a l l  the  
a v a i l a b le  amounts o f  t h a t  amino ac id ;  w i th  the except ion of two of the  
3 2 - s t r a i n s  which u t i l i z e d  more than  62.85 o f  s e r i n e .  One r e p l i c a t e  
s t r a i n  which degraded 19.65 of s e r in e  was considered a weak u t i l i z e r  (p 
= 0.01) and another s t r a i n  was a non se r in e  u t i l i z e d ,  whereas 5 s t r a i n s  
(16.35) were s e r i n e  p r o d u c e r s .  Thus s e r i n e  p ro d u ces  a c l e a r  c u t  
d i f f e r e n t i a t i o n  of s t r a i n s  and th e r e fo re  should be in v e s t ig a te d  f u r t h e r  
as  a d iagnos t ic  t e s t .
The cocci t e s t e d  were separa ted  in to  th re e  main c a te g o r i e s  on th e  
b a s i s  of th e  u t i l i z a t i o n  o f  g l u t a m i c  a c i d  ( F ig u re  14). Group (A) 
composed of 12 s t r a i n s  (31.65) which u t i l i z e d  g lu tamic  ac id  completely ,  
except two s t a i n s  u t i l i z e d  more than 23.95 c f  t h a t  compound. Group (B) 
i s  n o n - g l u t a m i c  a c i d  u t i l i z e r  and c o n t a i n s  8 s t r a i n s  (215),  and Group 
(C) r e p r e s e n t s  18 c u l t u r e s  (47.45) were c o n s i d e r e d  as  g l u t a m i c  a c i d  
producing organisms.
hone of  t h e  a n a e r o b i c  c o cc i  were  a b l e  to  u t i l i z e  t h e  f o l l o w i n g  
amino a c i d s  s i g n i f i c a n t l y ;  a s p a r t i c  a c i d ,  v a l i n e ,  m e t h i o n i n e ,  
i so leu c in e ,  and ly s ine .  Therefore when the  q u a n t i t a t i v e  data of these  
amino a c id s  were subjec ted  to  the s t a t i s t i c s  a n a ly s i s  the  s t r a i n s  were 
subdivided in to  weak u t i l i z e r s ;  n o n - u t i l i z e r s  and amino ac id  producers  
as  shewn in Figures  15-19.
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Gaffkya anaerobia 
Megasphaera elsdenii 
Peptococcus asaccharolyticus 
Peptococcus aerogenes 
" indolicus
" magnus
" anaerobius (variabilis)
" niger
" prevotii
" Saccharolyticus
" glycinophilus
Peptostreptococcus anaerobius 
" micros
" parvulus
" productus
Sarcina ventriculi 
Streptococcus constellatus 
" intermedius
" morbillorum
Veillonella parvulus
Control (Uninoculated medium) 
Strong Utilization 
Very weak utilization'
No utilization 
Production 
Not detected
Confidence band for non-utilization 
Replicated strain
Table 2.4.1 The calculated confidence limit of the individual amino 
acid in the medium at 99%
Amino acid moles per ml
Thereon in e 
Serine
Glutamic acid
Aspartic acid
l/aline
Methionine
Isoleucine
Lysine
Glycine
Alanine
Histidine
Tryptophane
Arginine
Proline
Leucine
Tyrosine
Phenylalanine
3.30 - 4.56
5.38 - 6.50
15.15 - 18.16
5.95 - 7.02
4.74 - 6.23
2.33 - 3.06
4.14 - 5.25
5.56 - 6.75
2.49 - 2.98
4.18 - 4.94
1 .07 - 1 .78
1 .41 - 1 .91
1 .8 - 2.74
9.59 - 11 .82
10.33 - 11 .88
0 .3 - 0.47
2.1 _ 2.89
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Fig 13 Utilization of serine by 3 9 strains of 
anaerobic cocci (at 99% confidence limit)
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was u t i l i z e d  by one s t r a i n  i n  a d d i t i o n  t o  t h e  same t h r e e  c u l t u r e s  
( F ig u r e  25). The r e s t  o f  a n a e r o b i c  c o c c i  were  e i t h e r  non u t i l i z e r s  or 
p r o d u c e r s  f o r  th o s e  amino a c i d s  ( p r o l i n e ,  l e u c i n e ,  t y r o s i n e  and 
phenyla lan ine) .
T hree  ninhy d r  i n - p o s i t i v e  compounds, which were not d e te c ta b le  in 
the uninocula ted  medium, were produced by c e r t a in  spec ie s  of anaerobic  
cocci.  These compounds were i d e n t i f i e d  by an amino ac id  analyse r .  The 
f i r s t  was o r n i t h i n e ,  wh ich  was produced by 15 o r g a n i s m s  ( F i g u r e  29).  
The second was a-aminobutyric  acid ,  and produced by 10 s t r a i n s  (Figure 
30).  The t h i r d  was a . a m i n o - b u t y r i c  a c i d ,  and produced by only  f o u r  
s t r a i n s  (F igure  31).
The dendrogram shown in  Appendix 11 was produced by U nw eigh ted-  
pa ir -g roup-average- l inkage  (UPGHA) method f o r  t h e  a n a l y s i s  o f  t h e  raw 
d a t a  (Appendix ‘6-10) .  The c o p h e n e t i c  c o r r e l a t i o n  c o e f f i c i e n t  fo r  t h i s  
dendrogram was 0.506. I t  was e v i d e n t  from th e  dendrogram t h a t  a t  a 
4.460 d i s s i m i l a r i t y  l e v e l ,  a l l  s t r a i n s  grouped i n t o  two main phenons 
which could be subdivided to  give seven groups a t  a d i s s i m i l a r i t y  l e v e l  
of  0.645, these  groups were l a b e l l e d  A-G. Four s t r a i n s  did  not c l u s t e r  
i n t o  any group. Ten s t r a i n s  were  r e p l i c a t e d  and gave  an o v e r a l l  
d i s s i m i l a r i t y  of 0.184 of Euclidean d is tance .
The dendrogram shown in  Fig  32 was produced on th e  b a s i s  o f  t h e  
a n a l y s i s  o f  t w o - s t a t e  c h a r a c t e r s ,  s t r o n g  u t i l i z a t i o n  o f  amino a c i d s  
coded a s  p o s i t i v e ,  ve ry  weak c r  no u t i l i z a t i o n  was coded a s  n e g a t i v e .  
S i m i l a r i t i e s  between s t r a i n s  were c a lcu la ted  using the  simple  matching 
c o e f f i c i e n t  -  UPGHA method. The cophenetic c o r r e l a t i o n  c o e f f i c i e n t  fo r  
t h i s  dendrogram was 0.906. Seven groups were defined which contained 
the  same s t r a i n s  w i t h  th e  e x c e p t i o n  of  two s t r a i n s  o f  Pc* p r e v o t i i  in  
g roup  A (Appendix 11). The s t r a i n  ^ 8 in  t h e  dendrogram shown in  
Appendix 11 was placed in group A and s t r a i n  13 was moved from group A 
(Fig32 ) t o  group S. R e p l i c a t e  s t r a i n s  gave an o v e r a l l  s i m i l a r i t y  of  
98.5$, which  i n d i c a t e s  good r e p r o d u c i b i l i t y  (S n ea th  1978).  The main 
c h a rac te r s  of the  groups and the  s ing le  s t r a i n s  were summarized in Table 
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I t  was a l s o  o f  i n t e r e s t  t o  r e g ro u p  t h e  c o c c i  a c c o r d i n g  t o  t h e i r  
a b i l i t y  t o  u t i l i z e  g l y c i n e .  I t ' w a s  no ted  t h a t  o f  t h e s e  c u l t u r e s ,  11 
(29/0 u t i l i z e d  g l y c i n e .  Among t h e s e ,  9 u t i l i z e d  g l y c i n e  w i t h i n  t h e  
range of  70-1 005 and only two s t r a i n s  u t i l i z e d  67.5% of  the  amino acid.  
Two c u l t u r e s  degraded  g l y c i n e  weakly  (22.1/0 w hereas  23  s t r a i n s  were  
u n r e a c t i v e .  However,  t h r e e  s t r a i n s  (7.9/0 were g l y c i n e  p ro d u c e r s  
( F ig u re  20) .
Only f i v e  s t r a i n s  (13.2/0 were a b l e  t o  decompose a l a n i n e ,  one 
u t i l i z e d  899 of the given amino ac id  and four  spec ies  u t i l i z e d  more than 
44.93 o f  a l a n i n e  ( F ig u re  21).  On t h e  o t h e r  hand 52.63 o f  t h e  a n a e r o b i c  
cocci were e n t i r e l y  non r e a c t iv e  (a t  a confidence l i m i t  o f  9970, w h i l s t  
two s t r a i n s  (5.33) were  weak u t i l i z e r s  and a n o t h e r  11 s t r a i n s  (8.23) 
were a lan ine  producers.
F i g u r e  22 shows t h a t  h i s t i d i n e  was u t i l i z e d  by 12 (31.63) s p e c i e s  
c f  anaerobic  cocci.  The data showed t h a t  h i s t i d i n e  remained unattacked
by 8 (213) s p e c i e s  s i n c e  i t s  amounts  f a l l  w i t h i n  t h e  range  o f  t h e  993
c o n f id e n c e  l i m i t s  (1.07 -  1.78 moles  pe r  ml) f o r  a n a l y s i s  o f  t h e
medium, whereas 18 (473) c u l tu r e s  produced h i s t i d i n e .
Twelve s t r a i n s  (31.63) of the cocci u t i l i z e d  tryptophan (Figure 23) 
w i t h i n  t h e  range of  76-1003.  In c o n t r a s t  18 s t r a i n s  (47.43) d i d  n o t  
a t t a c k  tryptophan , w h i l s t  8 s t r a i n s  (215) added t h a t  compound t o  the  
medium.
 H is togram  24 shows t h a t  1 9 s t r a i n s  were  a b l e  to  u t i l i z e  a r g i n i n e
completely. Seven s t r a i n s  a l so  u t i l i z e d  s i g n i f i c a n t  amounts of a rg in in e  
(40.65).  The re m a in in g  12 s t r a i n s  cou ld  be a r r a n g e d  i n t o  g roups  u s in g  
s t a t i s t i c a l  a n a ly s i s  (p = 0.01), (A) non-a rg in ine  u t i l i z e r s  (9 c u l tu re s ) ,  
and (E) a rg in in e  producers (4 cu l tu re s ) .
I t  i s  i n t e r e s t i n g  to  note t h a t  leucine ,  ty ros ine  ana phenyla lanine  
( F i g u r e s  26-28) were u t i l i z e d  by only t h r e e  c u l t u r e s ,  w hereas  p r o l i n e
1 4 7
Typical  chromatograms from the  a n a ly s i s  of a s tandard  mix ture  of 
h i n h y d r i n - p o s i t i v e  compounds; u n i n o c u l a t e d  medium ( c o n t r o l )  and 
r e p r e s e n t a t i v e  c u l t u r e s  o f  .AG+C a r e  shown in  p h o to g ra p h s  (Append. 12- 
26).
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anaerobic cocci (at 99% confidence limit)
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anaerobic cocci (at 99% confidence limit)
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Main differential characters of the 7 groups and four individual 
strains of anaerobic cocci
Characters Phenons Strains
A B C D E F G 74 27340 27824 112
Aspartic acid
Threonine + V V - + + - - - -
Serine + + +■ + - + + + + - -
Glutamic acid - + - - - V - - - -
Proline + - - + -
Glycine - - + - - + - - - -
Alanine + + + +
Valine - - - - - - - - ■ -
Methionine - - - - - - - - -
Isoleucine - - - - - - - — - -
Leucine + - - -  ■ _
Tyrosine ■ + - - - -
Phenylalanine + - - - -
Histidine - + V - - V + + - -
Lysine V - - - -
Tryptophane — + - - - + + - - -
Arginine + V +  + - - - -  ■ . - -  ■ +
Ornithine* - - +  V - - - - - - +
a-aminobutyiic acid* _ V _ _ _ _ + _ _ _
w-aminobutyric acid* + - - + -
No. of strains 2 8 9  9 3 1 3 1 1 1 1
A - Gafkya anaerobia, Pc. prevotii
B - Pc. asaccharolyticus, Pc. aerogenes, Pc. prevotii
C - Pc. magnus, Pc. anaerobius, Pst. micros, Pc. variabilis
D - Str. intermedius, Str. constellatus, Pc. saccharolyticus, M. elsdenii
E - Str. morbillorum, Pc. niger, Pst. parvulus
F - _W_. parvula
G - Pst. anaerobius
Strain 74 - Pst. productus
Strain ATCC 27340 - Str. morbillorum
Strain 27824 - Pst. productus
Strain 112 - Str. intermedius
Test reaction:- . ... + between 89-100$ of strains fermented the test compound
- no utilization or production
v between 22- 76po of strains fermented the test compound
* ornithine, « -AbA, and GABA were not incorporated in the 
medium but produced by certain strains.
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Pig. 32m Dendogram of 39 stains 
of anaerobic cocci (data emplo­
yed were amino acids utilization/ 
non amino acid utilization only ) 
showing the relationships between 
clasters based on the Sm coeffic­
ient and unweighted group linkage 
clustering.
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5.3 Discussion
The r e l a t i o n s h i p s  between the  s t r a i n s  suggested by c l u s t e r  a n a ly s i s  
based on d i s s i m i l a r i t y  or s i m i l a r i t y  values  can p ro f i t a b ly  be compared 
w i t h  t h e i r  p o s i t i o n  in  t h e  c u r r e n t  c l a s s i f i c a t i o n  (G oodfe l low ,  1967),  
a l t h o u g h  r e s e m b la n c e  v a l u e s  have no c o r r e l a t i o n  w i t h  taxo n o m ic  r a n k  
(S nea th  1972).  At t h e  p r e s e n t  t i m e  t h e  m e d i c a l l y  i m p o r t a n t  a n a e r o b i c  
G r a m - p o s i t i v e  c o cc i  c o n s t i t u t e  a problem in  taxonomy. They 'show 
considerable  v a r i a t i o n  i n . t h e i r  morphology and they are  g enera l ly  i n e r t  
when t e s t e d  fo r  carbohydrate fe rmenta t ion .  Six of the  most f r equen t ly  
c i t e d  p u b l i c a t i o n s  in  t h i s  f i e l d  d i f f e r  g r e a t l y  over  t h e  i d e n t i t y  and 
number of  o rg a n i s m s  w h i t h i n  each  genus (Tab le  2,4 .3  ). Rogosa (1974a) 
l i s t e d  11 spec ies  o f  the  genera Peptococcus and Pep tos t rep tococcus . Four 
of these  spec ies ,  namely Pc. aerpgenes,  Pc* a c t i v i u s ,  Pc* anaerobius  and 
P st. l a n ce o la tu s a re  not recognised by Dowell and Hawkins (1974), Smith 
( 1975), Holdeman e t  a l . ,  (1977),  S u t t e r  a t  a l . ,  (1980) or R o s e n b la t  
(1980).  There  i s  g e n e r a l  a g re em e n t  abou t  only  two s p e c i e s  P s t .  
anaerobius  and S tr .  in te rmedius . I t  was concluded th a t  taxonomis ts  in  
t h i s  a r e a  b i a s  t h e i r  c h a r a c t e r  s e l e c t i o n  in  f a v o u r  o f  c a r b o h y d r a t e  
metabolism, in te rm ed ia te  products which are  not s tab l e  (such a s  pyruvic,  
propionic  and succ in ic  ac ids ) ,  and morphology ch a rac te r s  a t  the  expense 
of o ther compounds.
This study showed t h a t  the metabolism of amino ac id s  was usefu l  in 
d i f f e r e n t i a t i n g  between the spec ie s  of anaerobic  cocci.  The b e s t  r e s u l t s  
were  o b t a in e d  from th o s e  whose taxonomic  p o s i t i o n  o r  b i o c h e m i c a l  
r e a c t i o n s  were  in  doubt.  These i n c l u d e  Pc. a s a c c h a r o i y t i c u s .  Pc. 
aerogenes.  Pc. magnus. Pc. anaerobius .  Pc. v a r i a b i l i s .  Pc. n ig e r  and Pst .  
mi c r o s. For th o s e  s p e c i e s  which a r e  e a s i l y  r e c o g n i s e d  by c a r b o h y d r a t e  
fe rmenta t ion  amino acid u t i l i s a t i o n  was l e s s  d i sc r im in a to ry .  I t  should 
be noted,  however, t h a t  the most f requent ly  i s o l a t e d  anaerobic  cocc i from 
c l i n i c a l  m a te r i a l s  a re  those which have a high capacity  to  u t i l i z e  amino 
a c i d s .  T h i s  s tudy  has  shown t h i s  and t h a t  the  c a r b o h y d r a t e  f e r m e n t e r s  
a r e  l e s s  commonly encountered in c l i n i c a l  specimens. This i n d i c a t e s  t h a t  
the  spec ie s  which a re  more a c t i v e  a g a in s t  amino a c id s  a re  more commonly 
pathogenic,  and t h i s  phenomenon should t h e re fo re  be exp lo i ted  to  c l a s s i f y  
and id e n t i fy  the anaerobic  cocci.
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S t a t i s t i c a l l y ,  the  amounts o f  amino ac id  u t i l i z e d  by anaerobic  cocci 
were s i g n i f i c a n t  and r e p r o d u c i b l e .  Moreover,  t h e s e  r e s u l t s  were  i n  
a g re em e n t  w i t h  th o s e  o b t a i n e d  by o t h e r  w o rk e r s  on t h e  m e ta b o l i sm  o f  
ind iv idua l  amino ac ids  by some s t r a i n s  as  w i l l  be d iscussed  l a t e r .
5 .3 .1 .  Group E:
The o rg a n i s m s  . in Group E, a r e  c a r b o h y d r a t e  u t i l i z e r s - w i t h  t h e  
e x c e p t i o n  of  th e  s t r a i n  o f  Pc. n i g e r ' w h i c h  i s  a p p a r e n t l y  i n e r t  in  th e  
medium s u p p l i e d .  I t  was found from t h i s  s tudy  t h a t  no t  a l l  members o f  
Group £ cou ld  be r e c o v e r e d  from th e  medium, ana th e  a n a l y s i s  o f  th e  
incubated medium showed t h a t  none of the  t e s t  amino ac ids  were u t i l i z e d .  
However, th e re  were in c rease s  of the  amount of c e r t a in  amino a c id s  which 
probably i n d ic a te s  t h a t  the  incubated b a c t e r i a  were autolyzed. Since Pc. 
n iger  was- unable to  metabolize  carbohydrate (Hall ,  1930; W i l k i n s ' e t  a l . .  
1975; S m i th ,  1975; ana Holaeman e t  a l . ,  1977) and amino a c i d s  a s  shown 
h e r e ,  i t  w i l l  be e a s i l y  r e c o g n iz e d  among a n a e r o b i c  c o c c i .  The only  
c h a r a c t e r  which d i s t i n g u i s h e s  Pc. n i g e r  depends upon the  production of 
caproic  ac id  from peptone y e a s t  e x t r a c t  glucose  medium (Wilkins ,  e t  a l . ,  
1975 and Hoi deman e t  a l . ,  1977).  On t h e  o t h e r  hand t h e  a n a l y s i s  o f  t h e  
c e l l  w a l l  p r e p a r a t i o n  o f  t h e  s p e c i e s  c f  P s t .  . p a r v u l u s  and  S t r .  
morbil lorum d i f f e r  from t h a t  of Pc. n ige r  in conta ining ly s in e  a s  a major 
amino ac id ,  whereas the s t r a i n s  cl' St r .  morbillorum d i f f e r s  markedly from 
th e  s p e c i e s  o f  P s t .  p a r v u l u s  in  t h e  p re s e n c e  o f  s e r i n e  and t h r e o n i n e  in  
t h e i r  c e l l  wal ls .  The spec ies  o f  Pst .  parvulus  was claimed to  be a s t r a i n  
v a r i a n t  o f  P s t .  mi c r o s by Rcgosa (1974c).  The p r e s e n t  s tudy  c l e a r l y  
s e p a ra t e s . t h e s e  two spec ies  on the b as is  of amino ac id  u t i l i z a t i o n .  The 
s e p a r a t i o n  o f  Ps t .  p a r v u l u s  from P s t .  mi c r o s i n  Group C i s  s u p p o r t e d  by 
t h e  r e s u l t s  o f  Romond e t  a l . , ( 1 9 6 6 ) ,  t h a t  th e  % G+C o f  P s t .  p a r v u l u s 
(44.0) was h i g h e r  than  t h a t  of  Pst*. mic r o s  (28.3) .  Th is  s tudy  a l s o  
showed t h a t  Ps t .  p a r v u l u s  s p e c i e s  a r e  d i s t i n c t  from P s t .  m ic r o s ,  s i n c e  
t h e  c e l l  w a l l s  o f  th e  fo rm er  c o n ta i n e d  l y s i n e  and t h e  l a t t e r  c o n t a i n e d  
s e r i n e  and o r n i t h i n e .  However, P s t .  p a r v u l us i s  a l s o  d i s t i n g u i s h a b l e  
from the other organisms in Group £ cn the  b a s i s  of  the  fe rm en ta t ion  of 
carbohydrate (Smith, 1975; Holdeman e t  a l . ,  1973, 1977). Species o f  S t r .  
m o r b i l l o r u m a r e  a l s o  s e p a r a b l e  from o t h e r  members of  Group £ on t h e  
p r o d u c t i o n  c f  l a r g e  amounts  o f  l a c t i c  a c i d  from c a r b o h y d r a t e .  T h i s  
s epa ra t ion  i s  confirmed by other ch a rac te r s  s tud ied  in  t h i s  t h e s i s  and by
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the  c e l l  wal l  a n a ly s i s  o f  Latham e t  a l . ,  (1979) who showed t h a t  the  c e l l  
w a l l s  o f  S t r .  morbil lorum possessed a high amount of a lanine.
5.3.2 Other Ind iv idua l  S t r a i n s  wi th  a f f i n i t y  to  Group E
S t r a i n  112 was i d e n t i f i e d  a c c o r d in g  t o  Holdernan, Cato and Moore 
(1977) ,  a s  S t r .  i n t e r medius .  Accord ing t o  t h e  p r e s e n t  a n a l y s i s  s t r a i n  
112 showed a g r e a t  a f f i n i t y  w i t h  Group E, however ,  t h i s  s t r a i n  d i f f e r s  
from Group E in i t s  a b i l i t y  to  u t i l i z e  a rg in ine .  S t ra in  ATCC 27824 S t r .  
morb i l lo rum showed only 87.75 s i m i l a r i t y  w i th  the o ther neotype s t r a i n  
S tr .  morbil lorum (ATCC 27527). The present  study showed t h a t  these  two 
s t r a i n s  a r e  q u i t e  d i f f e r e n t  o rg a n i s m s .  However,  t h e  r e f e r e n c e  s t r a i n  
(ATCC 27527) sh a r ed  w i t h  g roup G, t h e  c a p a c i t y  t o  u t i l i z e  p r o l i n e  and 
a lan ine  and to  produce y - a m i n o - b u t r y i c  a c i d  (GABA) a l t h o u g h  i t  d i f f e r s  
from group C-. I t  should be pointed out t h a t  the  molar r a t i o  of a lan ine  in  
th e  c e l l  w a l l s  o f  S t r .  mor b i l l o r u m s t r a i n  (ATCC 27824) i s  h i g h e r  t h a n  
t h a t  of S t r .  mo r b i l l o r u m (ATCC 27527) by 1 mole (Table  2 .3 ) .  Whether 
these  s t r a i n s  c f  Strep tococcus a r e  co n sp ec i f ic  or whether they r e p r e s e n t  
d i f f e r e n t  species ,  remains t o  be determined.
Both s t r a i n s  o f  Pst .  productus (74 and ATCC 27340) were c h a r a c t e r i s e d  
by t h e i r  u t i l i z a t i o n  o f  a l a n i n e  and h i s t i d i n e ,  bu t  they v a r i e d  i n  t h e  
u t i l i z a t i o n  of ser ine .  Separa tion of  Pst .  productus from the o ther  cocci  
s u p p o r t s  t h e  f i n d i n g s  o f  P.ogosa (1974c) and Holdernan e t  . a l . ,  (1977) on 
the b a s i s  of carbohydrate  fe rmenta t ion .  In agreement a l so  w i th  the  study 
of the  c e l l  w a l l s  of  AG+C, the composition of the  c e l l  w a l l  hydro lysa te  
o f  P s t .  pro d u c tu s  c o n t a i n e d  a l i m i t e d  num ber  of  amino a c i d s  ( g l u t a m i c  
a c i d ,  a l a n i n e ,  DAP, muramic a c i d  g lu c o sa m in e  in  a m o la r  r a t i o s  1: 
1 .4 :0 .8 :0 .6 :0 :5 )  and th e  p re sen c e  o f  DAP i s  a c h a r a c t e r i s t i c  f e a t u r e  o f  
P s t .  p r o d u c t u s (T a b le  2 .3 ) .
In t h e  p r e s e n t  work Groups A,D and F a r e  c h a r a c t e r i z e d  by t h e i r  
a b i l i t y  t o  u t i l i z e  a ve ry  l i m i t e d  number o f  amino a c i d  ( n o t  more th a n  
two).  Like Group E, a l l  s t r a i n s  i n  t h e s e  g roups  e x c e p t  Group F a r e  
carbohydrate fermente rs .
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5.3*3 Group A and F:
These groups jo ined  a t  a s i m i l a r i t y  lev e l  of 94.5, each being q u i t e  
d i s t i n c t  from Group D a t  88.65 o f  s i m i l a r i t y .  The r e s u l t s  from t h i s  
study in d ic a te  t h a t  the  s t r a i n s  of  Gaffkva anaerobia  in  Group A and those  
o f  V e i l l o n e l l a  pa r v u l a  i n  Group F were  a b l e  t o  u t i l i z e  t h r e o n i n e  and 
s e r i n e ,  b u t  t h e  s t r a i n s  o f  G. a n a e r o b i a  d i f f e r  from V. p a r v u l a  in  t h e i r  
a b i l i t y  to  u t i l i z e  a rg in ine .  On the o ther  hand the c e l l  wall  components 
o f  V. p a r v u la  d i f f e r  from th o s e  o f  G. a n a e r o b i a in  c o n t a i n i n g  a s p a r t i c  
a c i d  and o r n i t h i n e .  These f i n d i n g s  a g r e e  w i t h  th e  p r o p o s a l  o f  Rogoss 
(1974b) and Holdernan, Cato arid Moore (1977).  Although Rogosa d id  n o t  
r e c o g n i z e  G, a n a e r o b i a  in  th e  f a m i l y  P e p to c o cc a ce a e ,  he c l a s s i f i e d  V* 
p a rv u l a  in  t h e  f a m i l y  V e i l l o n e l l a c e a e  on t h e  b a s i s  o f  Gram r e a c t i o n .  
According t o  Holdernan e t  a l . ,  (1977) G. anaerobia d i f f e r s  from V. parvula 
i n  i t s  a b i l i t y  t o  r e t a i n  Gram s t a i n  and t o  f e r m e n t  c a r b o h y d r a t e .  I t  
seems s a f e  t o  assume,  t h e r e f o r e  t h a t  a r g i n i n e  u t i l i z a t i o n  i s  a u s e f u l  
cha rac te r  fo r  the  separa t ion  o f  the  organisms w i th in  Groups A and F.
5.3.4 Group Q:
Members o f  group D d i f f e r  from th o s e  in  Groups A and F i n  t h e i r  
i n a b i l i t y  t o  u t i l i z e  t h r e o n i n e .  Although s p e c i e s  o f  St r .  c o n s t e l l a t u s  
s h a r e d  a s i m i l a r i t y  o f  94 .55  w i t h  t h o s e  o f  Group D, t h e y  w e re  
d i s t i n g u i s h a b l e  i n  t h e i r  a b i l i t y  t o  d eg rade  h i s t i d i n e .  W h i l s t  t h e  
spec ies  of Pc. s ac c h a ro lv t i cu s . pi. e l s d e n i i ,  and S t r .  in te rmedius  shared 
a 98.55 S., s i n c e  they  u t i l i z e  s e r i n e  and a r g i n i n e ,  they c o u ld  n o t  be 
separa ted  from one another.  On balance,  with  re spec t  to  th e  molar r a t i o s  
of the  amino a c id s  and amino-sugar components of the c e l l  w a l l s ,  members 
o f  g roup D t o g e t h e r  w i th  t h e  s p e c i e s  o f  Pc. g l v c i n o p h i l u s  u n l i k e  o t h e r  
AG+C, contained high amounts of a lanine.  In general  a l l  spec ies  in  t h i s  
group e x c e p t  S t r .  c o n s t e l l a t u s  s t r a i n  (ATCC 27573) and Mu e l s d e n i i  
possessed an id e n t i c a l  composit ion.  Therefore i t  seems l i k e l y  t h a t  these  
o r g a n i s m s  be long  t o  a s e p a r a t e  f a m i l y .  However, t h e s e  o rg a n i s m s  a r e  
e a s i l y  i d e n t i f i e d  on the  b a s i s  of  t h e i r  u t i l i z a t i o n  o f  c a r b o h y d r a t e  
(Holdernan e t  a l . ,  1977) a l t h o u g h  t h e i r  taxonomic  p o s i t i o n  i s  s t i l l  
c o n f u s in g .  Pc. s a c c h a r o l v t i c u s  i s  r e l a t e d  t o  c o a g u la s e  n e g a t i v e  
s taphylococci and not to  the  genus Peptococcus according to  th e  c e l l  wa l l  
a n a l y s i s  ( S c h l e i f e r  and 1-iimmermann, 1973) and th e  DHA-DNA homology
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s tu d ie s  (Kilpper ana S c h le i f e r  1978, Crosa, e t  a l . ,  1979; Kilpper e t  a^. , 
1980 and Ludwig , e t  a l . ,  1981). I t  i s  now w id e ly  c o n s i d e r e d  t h a t  t h e  
s p e c i e s  o f  S t r .  c o n s t e l l a t u s , St r .  i n t e r med i n s and St r .  mo r b i l l o r u m 
be long  t o  th e  genus S t r e p t o c o c c u s,  s i n c e  they  produce  l a c t i c  a c i d  a s  a 
m a jo r  p ro d u c t  from g lu c o s e  (Rogosa, 1974a; Holdernan and Moore, 1972a, 
1973, 1974; S m i th  1975 and Holdernan e t  a l . ,  1977) a l t h o u g h  Str ..  
c o n s t e l l a t u s  has  been d e s i g n a t e d  unde r  th e  genus P ep to c o cc u s  (Rogosa 
1974b).  I k  e l s d e n i i  be long  t o  th e  f a m i l y  V e i l l o n e l l a c e a e  (Rogosa 
1971b,1974a) w h i l s t  Holdernan and h e r  c o l l e a g u e s  (1977) r e c o g n i z e d  H. 
e l s d e n i i  a s  Gram-variable cocci. The broad  taxonom ic  c o n c l u s i o n  which  
can be drawn from the p resen t  study i s  t h a t  group D a re  d i s t i n c t  from the 
spec ies  of  Peptococcus and Peptos trep tococcus . From the c l i n i c a l  po in t  
o f  v iew ,  t h e  s p e c i e s  o f  Group D a r e  u s u a l l y  i s o l a t e d  from c l i n i c a l  
m a t e r i a l s  t o g e t h e r  w i t h  p e p t o c o e c i  and p e p t o s t r e p t o c o c c i  and form a 
c o n s i d e r a b l e  c o n f u s io n  in  t h e i r  s e p a r a t i o n  p a r t i c u l a r l y  w i t h  t h o s e  
s p e c i e s  of  the  genus  P e p t o s t r e p t o c o c c u s  w h i c h  a r e  c a r b o h y d r a t e  
f e r m e n t e r s .  I t  shou ld  be recommended t h e r e f o r e  t h a t  a l l  t h e s e  c o c c i  
should be i d e n t i f i e d  in  one scheme.
5.3.5 Group C:
H ere in ,  Group C j o i n e d  w i t h  Group A, D and F a t  a s i m i l a r i t y  l e v e l  
of  80.9$ and separa ted  from these groups a t  87.7$ S. The main c h a r a c te r  
of Group C was the  capacity  to  u t i l i z e  glycine .  This group inc ludes  th e  
s p e c i e s  o f  Pc. magnus.  Pc. a n a e r o b i u s . Pc. v a r i a b i l l s ,  P s t .  m ic r o s  and 
Sarc ina  v e n t r i c u l i . All organisms in Group C were ab le  to  u t i l i z e  se r in e  
in  a d d i t i o n  t o  g l y c i n e .  However, they va ry  i n  th e  u t i l i z a t i o n  of  
t h r e o n i n e  and a r g i n i n e  a c c o r d in g  t o  t h e  s p e c i e s .  The a b i l i t y  o f  Pc. 
a n a e r o b i u s (= v a r i a b i l i s )  and Pc. g l v c i n o p h i l u s  t o  u t i l i z e  g l y c i n e  was 
repor ted  by Douglas (1951) and Cardon and Barker (1947) r e s p e c t iv e ly ,  and 
Durre, Spahr and Andreesen (1983),which s t reng thens  the p re sen t  r e s u l t s .
Rogosa (1974b) considered t h a t  Pc g lvc inoph i lus  as a synonym of  Pc. 
anaerobius £= v a r i a b i l i s ). s ince g lyc ine  was the only su b s t r a te  u t i l i z e d .  
In c o n t r a s t  the  present data showed t h a t  the  spec ies  of  Pc. g lvc inoph i lu s  
d i f f e r s  from t h a t  of Pc. magnus. Pc. anaerobius  and Pc. va r i a b i l i s  in  the  
i n a b i l i t y  to  u t i l i z e  threonine.  The c e l l  wal l  of Pc* g lv c inoph i lu s  a l so  
d i f f e r s  from those organisms in conta ining s e r in e  and lower amounts of
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a l a n i n e  and g l y c i n e .  T h i s  i s  in  a g re e m e n t  w i t h  t h e  f i n d i n g s  o f  Durre ,  
Spahr and Anareesen  (1983) t h a t  Pc. g l v c i n o p h i l u s  and Pc. ma g n u s (= 
a n a e r o b i u s ) a r e  g e n o t y p i c a l l y  u n r e l a t e d  and a r e  d i f f e r e n t  i n  t h e i r  
n u t r i t i o n a l  requirements .  The former grew op t im al ly  in  the presence of
0.1 % y e a s t  e x t r a c t ,  w hereas  Pc. magnus r e q u i r e d  1% y e a s t  e x t r a c t  and 
Tween 80 i n  a d d i t i o n .  T h e r e f o r e  th e  u t i l i z a t i o n  of  t h r e o n i n e  i s  
s u f f i c i e n t  c h a r a c t e r i s t i c  t o  d i f f e r e n t i a t e  Pc. g lvc inoph i lus
There  i s  c o n t r o v e r s y  a s  t o  w h e th e r  Pc. magnus .  Pc. a n a e r o b i u s  and 
Pc. va r i a b i l i s  a r e  t h e  same or  d i f f e r e n t  o rg an ism s .  The name Pc. 
anaerobius  was r e j e c t e d  (West and Holdernan, 1973) s ince both sp ec ie s  of  
AGh-C; P c . a n a e r o b i u s  and Ps t .  a n a e r o b i u s  s h a r e  th e  same e p i t h e t  
' a n a e r o b i u s 1. In c o n t r a s t  Rogosa (1974b) combined th e  s p e c i e s  Pc. 
v a r i a b i l i s  and Pc. g l v c i n o p h i l u s  under  t h e  name Pc. a n a e r o b i u s ,  w h i l s t  
Holdernan Cato and Moore (1977) and Skerman, McGowan and S n e a th  (1980) 
considered the  strain-Pc*. v a r i a b i l i s  (ATCC 14956) as  Pc* magnus. I t  was 
found from the p resen t  study t h a t  the s t a i n s  Pc* anaerobius  (ATCC 14955); 
Pc. v a r i a b i l i s  (ATCC 14956) and Pc. magnus (ATCC 29328) s h a r e  a 98.518.,  
and they  a r e  un ique  in  t h e i r  u t i l i z a t i o n  o f  amino a c i d s  and t h e i r  c e l l  
w a l l  c o m p o s i t i o n .  To overcome such obv ious  c o n f u s io n  t h e r e f o r e  t h e  
e p i t h e t  ’magnus* i s  used  f o r  Pc.. v a r i a b i l i s  a s  proposed  by Holdernan and 
her co lleagus  as w e l l  as  fo r  the  s t r a i n  Pc* anaerobius .
The cu r ren t  c l a s s i f i c a t i o n  of the spec ies  Pc. magnus and Ps t .  micros  
i s  not  c l ea r ,  s ince those organisms a re  b iochemically  i n e r t  and posses  
s i m i l a r  metabolic  p r o f i l e s  (Holdernan, e t  a l  1977; Holland e t  a l . ,  1977; 
R o s e n b l a t t ,  1980;. and S u t t e r  e t  a l . ,  1980), b ecause  t h e i r  s e p a r a t i o n  
r e l i e d  p r i m a r i l y  on th e  c e l l  s i z e  o n ly  (Holdernan e t  a l . , 1977). The 
present  r e s u l t s  demonstrated t h a t  Ps t .  mic ro s  was d is t in g u ish ab le ,  fromowA -VW. to a *~cy 1  ^‘ ne-
Pc. magnus in  i t s  i n a b i l i t y  to  u t i l i z e  t h r e o n i n ^  Such sepa ra t ion  i s  in  
accordance wi th  the r e s u l t s  of the  c e l l  wal l  a n a ly s i s  here in ,  s ince  the  
main d i f f e r en ce  between the spec ies  of  Pst .  mic ro s  and Pc* magnus i s  the  
o c c u r r e n c e  of a s p a r t i c  a c i d  and o r n i t h i n e  in  t h e  fo rm er  and l y s i n e  and 
s e r i n e  i n  t h e  l a t t e r .  T h i s  e v id en ce  w i l l  p ro v id e  a much more r e l i a b l e  
sepa ra t ion  fo r  those organisms.
Herein th e  spec ies  Pc* g lvc inoph i lus was in d is t in g u i s h a b le  from Pst.  
mi c r o s , on th e  b a s i s  o f  amino a c i d  u t i l i z a t i o n  a l t h o u g h ,  t h e  f o r m e r  
s p e c i e s  was i s o l a t e d  from mud (Cardon and B ark e r  1946). The p r e s e n t
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f ind ings  a r e  in  agreement wi th  the r ecen t  study by Cato, e t  a l . ,  (1983). 
These workers have proposed t h a t  Pc* g lvc inoph i lus  i s  a l a t e  s u b jec t iv e  
synonym of Pst .  mi c r o s , because : 1. the  so luble  c e l l u l a r  p ro te in  o f  both 
s t r a i n s  i s  s i m i l a r ;  a c c o r d i n g  t o  th e  r e s u l t s  o f  a p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e t i c  a n a ly s i s ;  2. these  spec ies  produced the  same amounts of  
aciG and a l k a l i n e  p h o s p h a ta s e ;  3. bo th  c u l t u r e s  c o n v e r t e d  g l y c i n e  t o  
a c e t a t e ,  ammonia and CC>2 in  PY -  15 g l y c i n e ;  4. b o th  s t r a i n s  p o s s e s s  a 
s i m i l a r  %G+C c o n t e n t  (275 f o r  Pst*. m i c r o s ,  and 285 f o r  Pc. 
g l v c in o p h i l u s ) , and 5. th e  DHA c f  Pc. g l v c i n o p h i l u s  s i g n i f i c a n t l y  
h y b r i d i z e d  w i t h  t h a t  o f  P s t .  m i c r o s  (845 h o m o lo g y ) .  Thus ,  t h e  
d i s t i n c t i o n  between these  two organisms i s  b lu r red ,  but the  p re sen t  study 
showed t h a t  the c e l l  w a l l s  o f  Pc. g lv c inoph i lus  contained a h igher amount 
of a lan ine  and g ly ine  and possessed ly s in e ,  whereas Ps t .  micros  contained 
a s p a r t i c  a c i d  and o r n i t h i n e .  T h e r e f o r e ,  such  o rg a n i s m s  need more 
c l a r i f i c a t i o n .
The i n a b i l i t y  of the  s t r a i n  Sarcina  v e n t r i c u l i  t o  u t i l i z e  arginine- 
d i v i d e d  i t  from Pc. mi c r o s,  and t h e r e  a r e  many o t h e r  c h a r a c t e r s  which  
support  t h e i r  separa t ion .  Of b a c t e r io l o g ic a l  importance S. v e n t r i c u l i  i s  
a c a r b o h y d r a t e  f e r m e n t i n g  coccus  (S m i t ,  1933 Breed and S m i th  1957; 
C a n a l e - P a r o l a  and Wolfe,  1960; Rogosa, 1974a; Holdernan e t  a l . ,  1977). 
The base composit ion of  S. v e n t r i c u l i  i s  30.6 (Rogosa 1974). This va lue  
i s  h i g h e r  th a n  t h e  range  27-28  o b t a i n e d  from t h e  d e t e r m i n a t i o n  o f  t h e  
s p e c i e s  o f  P s t .  m ic ro s  (Romona, e t  s l . , 1 9 6 6  ana Cato e t  a l . ,  1983).
I t  was o b s e r v e d  t h a t  t h e  f r e s h  i s o l a t e s  (13,98) which a s
Pc. p r e v o t i i  according to  Holdernan, Cato and Moore (1977) were d i f f e r -  - 
from each o t h e r  and from t h e  r e f e r e n c e  s t r a i n  (ATCC 14952) in  t h e i r  
u t i l i z a t i o n  and production of amino acids .  Both s t r a i n s  o f  Pc. p r e v o t i i  
(13,98) were c l u s t e r e d  in  Group A Appendix I I  (when t h e  raw d a t a  was 
analysed) and when the data was analysed on the b a s i s  of the  u t i l i z a t i o n  
o f  amino a c i d s  s t r a i n  98 was c l u s t e r e d  in  Group C, w hereas  s t r a i n  13 
c l u s t e r e d  w i t h  Group B (Fig 32). However in  b o th  c a s e s  th e  r e f e r e n c e  
s t r a i n  was c lu s te re d  in Group B. This evidence supports  the  con ten t ion  
of Rogosa (1974b), and S c h le i f e r  and Himmerrnann (1973) t h a t  Pc* p r e v o t i i  
provides  a l i n k  between Pc* asaccharol v t i c u s  and Pc* magnus (anaerobius) .  
Rogosa  c o n s i d e r e d  Pc.  p r e v o t i i  a s  nom ina  c o n f ’u s a ,  s i n c e  t h e  
c h a r a c t e r i s t i c  which d i f f e r e n t i a t e d  Pc* p r e v o t i i  and Pc* a sa c ch a ro lv t i c u s  
was the  indc le  production.  Cn the o the r  hand the spec ies  o f  Pc. p r e v o t i i
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and G* a n a e r o b i a  were combined under  t h e  name Mic r o c o c c u s  p r e v o t i i  
( F o u b e r t  and Douglas  1948).  However,  from t h e s e  r e s u l t s  G. a n a e r o b ia  
d i f f e r s  from Pc. p r e v o t i i  in  i t s  i n a b i l i t y  t o  b reak  down g l u t a m i c  a c i d  
ana h i s t i d i n e .  Acord ing t o  Holdernan, Cato and Moore (1977) s t r a i n s  
a s c r i b e d  t o  M p r e v o t i i  r e p r e s e n t e d  two d i f f e r e n t  o rg a n i s m s ,  th e  
saccha  r o l y  t i c  s t r a i n s  w e r e  c l a s s i f i e d  a s  G* a n a e r o b i a  and- n o n -  
s ac c h a ro ly t i c  c u l tu r e s  as  Pc. pr e v o t i i . These f ind ings  a re  in  agreement 
with  the p resen t  r e s u l t s .  I t  would t h e re fo re  appear t h a t  the  spec ie s  of 
Pc. p r e v o t i i  and G* anaerobia  a re  q u i t e  d i f f e r e n t  species.  S c h le i f e r  and 
Mimniernann (1973) noted t h a t  th e re  are  c e r t a i n  r e l a t i o n s h i p s  between Pc. 
p r evo t i i  and t h e  s p e c i e s  o f  Pc* a sac  cha r  o l v t i c  us and Pc. a n a e r o b i u s  on 
the  b a s i s  of  th e  a n a l y s i s  o f  th e  amino a c i d  c o m p o s i t i o n  o f  t h e i r  c e l l  
w a l l s ,  which i n d i c a t e s  a p o s s i b l e  t r a n s i t i o n  d u r in g  t h e  p h y lo g e n ic  
development c f  these  peptococci.  Such f ind ings  dif fer-  in p a r t  from those 
of  Porschen and Spaulding (1974a) and Bchm and l irener (1975), who showed 
t h a t  Pc. prevot i i  was a n t ig e n ie a l ly  d i s t i n c t  from Pc. a sac ch a ro lv t ic u s  on 
th e  b a s i s  o f  im m u n o f lu o re scen ce  s t u d i e s .  In a g re em e n t  w i t h  th e  
o b s e r v a t i o n  o f  Rogosa (1974b):  Dowell  and Hawkins (1 974); Holdernan e t  
m2»,  1977; S u t t e r  e t  a l . ,  (1980)  and  R o s e n b l a t t  (1980)  t h a t  Pc.  
a saccha ro lv t icus  d i f f e r s  from Pc. p re v o t i i  in  the production of  indo le .  
Therefore,  the  inc lu s io n  of  indole i s  of  va lue  in separa t ing  Pc* p r e v o t i i  
from Pc* a sa c ch a ro lv t ic u s. However, i t  appears t h a t  Pc* p r e v o t i i  i s  not 
a homogeneous spec ies  and the  problem of the  separa t ion  o f  Pc* p r e v o t i i  
from Pc* magnus c e r t a i n l y  needs  f u r t h e r  s tu d y ,  s i n c e  t h e i r  c e l l  w a l l  
components  a r e  s i m i l a r  a s  shown in  t h i s  s tu d y ,  and t h e  p r o d u c t i o n  o f  
bu ty r i c  ac id  in PYG i s  the only c h a r a c t e r i s t i c  which d i f f e r e n t i a t e s  Pc. 
p r e v o t i i  from Pc* magnus (Holdernan, e t  a l . ,  1977).
5.3.6. Group B:-
Group B d id  n o t  s e p a r a t e  from Groups~A,C,D and F u n t i l  a 755 l e v e l  
of s i m i l a r i t y .  This group i s  ch a rac te r i sed  by the  a b i l i t y  to  u t i l i z e  a t  
l e a s t  5 amino ac id s  by each s t r a in .  Group B con ta ins  the  spec ie s  o f  Pc. 
a s a c c h a r o l v t i c u s .  Pc. aerogengs*  Pc* i n d o l i c u s and Pc. p r e v o t i i . These 
s t r a i n s  shared  a s i m i l a r i t y  o f  89.45 and were  a b l e  t o  u t i l i z e  s e r i n e ,  
glu tamic  ac id ,  h i s t i d i n e  and tryptophan but va r ied  in  the u t i l i z a t i o n  of 
threonine  and a rg in in e  according to  the  species.  The p resen t  da ta  showed 
t h a t  Pc* indo l icus  was in o is t in g u i s h a b le  from Pc* aerogenes,  on the b a s i s
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of  the  u t i l i z a t i o n  of  amino ac ids .  S0rensen (1973, 1975) and Holdernan e t  
a l . ,  (1977) no ted  t h a t  Pc. i n do l i c u s d i f f e r e d  from Pc. a e r o g e n e s  and Pc* 
a s a c c h a r o l v t i c us in  t h e  a b i l i t y  t o  c o a g u l a t e  p la sm a ,  however t h e s e  
au tho rs  repor ted  t h a t  Pc. i n d o l i cus was i s o l a t e d  from animals ,  t h e re fo re  
Pc. in d o l icu s  w i l l  not be included in t h i s  d iscuss ion .
The p r e s e n t  s tudy  showed t h a t  Pc* a s a c c h a r o l v t i c u s  (ATCC 14963) 
s t r a i n s  'were a b l e  to  degrade  t h r e o n i n e ,  s e r i n e ,  g l u t a m i c  a c i d  and 
h i s t i d i n e ,  which confirms the observa t ion  of  h h i t e l e y  (1957) and Whiteley 
and Orde l  (1957).  These i n v e s t i g a t o r s  r e c o g n i s e d  t h e  s t r a i n  Pc*. 
a s a c c h a r o l v t i c u s  (ATCC 14963 and ATCC 29743) and Pc* a e r o g e n e s  (NCIB 
10074). From t h e s e  r e s u l t s  t h e  s t r a i n s  o f  Pc* a s a c c ha r o l v t i c u s  (ATCC 
14963 and s t r a i n  Ho. 25) were separa ted  from the o ther organisms in  Group 
B a t  a s i m i l a r i t y  of 89.45 and c h a r ac te r i s ed  by t h e i r  a b i l i t y  to  u t i l i z e  
t h r e o n i n e .  Pc. a s a c c h a r o l v t i c u s (ATCC 29743 and the  f r e s h  i s o l a t e s  
25,60) were s p l i t  from the s t r a i n s  of Pc* aerogenes ,Pc, in d o l ic u s  and Pc. 
p r e v o t i i  a t  a s i m i l a r i t y  o f  945 s i n c e  they were u n a b le  t o  u t i l i z e  
a r g i n i n e .  Th is  i s  in  c o n t r a s t  w i t h  Rogosa (1974b) who s t a t e d  t h a t  t h e  
s t r a i n s  o f  Pc. a s a c c h a r o l v t i c u s  and Pc. a e r o g e n es  were  un ique  i n  t h e i r  
m e ta b o l i sm  of  amino a c i d s .  The method used  f o r  t h i s  s tudy  was n o t  t h e  
same a s  t h a t  o f  Rogosa (1974b) which may e x p l a i n  th e  d i s c r e p a n c y .  In  
t h i s  study a l l  t e s t  amino ac id s  were incorpora ted  in  the  medium, while  
Rogosa (1974b) examined each amino ac id  ind iv id u a l ly .  In the metabolism 
of  t h r e o n i n e  by b a c t e r i a  such as  £. c o l i  and C l o s t r i d i a ,  t h e r e  a r e  two 
d i s t i n c t  enzymes ca ta ly s ing  the deamination and dehydration of th reon ine ,  
c a ta b o l i c  th reonine  deaminase and a separa te  b io sy n th e t ic  deaminase.  The 
former enzyme a c t s  on both se r in e  and th reonine ,  and the  l a t t e r  a c t s  on 
t h r e o n i n e  t o  produce  branched  c h a in  amino a c i d s  and i s  r e p r e s s e d  by 
i s o l e u c i n e  ( m e i s t e r ,  1965) .  Thus  i t  i s  p o s s i b l e  t h a t  Pc.  
a s a c c ha r o l v t i c us (ATCC 14963) p o s s e s s e d  a t  l e a s t  t h e  d e g r a d e t i v e  
t h r e o n i n e  deam inase ,  w h e rea s  Pc* a e rogenes  (NCIB 10074) ana  Pc* 
a s a c c h a r o l v t i c u s  (ATCC 29743) have th e  b i o s y n t h e t i c ”one. Moreover 
according to  the p resen t  r e s u l t  Pc. a saccha ro lv t icus  (ATCC 29743) d i f f e r s  
from these  s t r a i n s  in  i t s  i n a b i l i t y  to  u t i l i z e  a rg in ine .  The q u a n t i t a t i v e  
r e s u l t s  obtained during the study of the c e l l  wall  of AG+C as  r ep resen ted  
in  Table 2.3 showed t h a t  the  spec ies  of  Group B var ied  markedly from each 
other.  Speculation in d i c a t e s  t h a t  those organisms which are  combined in 
a s o l e  s p e c i e s  o f  Pc* a s a c ch a r o l v t i c u s  (Holdernan, Cato and Moore 1977) 
cou ld  be s e p a r a t e d  e a s i l y  on the  o a s i s  of t h e i r  a b i l i t y  t o  u t i l i z e  a
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b a t t e r y  o f  amino a c i d s  r a t h e r  th a n  t h e  d e t e c t i o n  o f  t h e  i n t e r m e d i a t e  
products,  from a mixture  of carbohydrate  and amino acids .  However, these  
b i o p r o d u c t s  a r e  u n s t a b l e  and n o t  n e c e s s a r i l y  o f  com parab le  t axonom ic  
value  in  the  absence of in form at ion  on the  mechanisms of t h e i r  fo rmation 
(Mead 1972).
5.3.7 Group G:
In t h e  p r e s e n t  s tudy Group G was r e a d i l y  s e p a r a t e d  from a l l  
anaerobic  cocci a t  a l e v e l  of 50.55S. This group conta ins  th ree  s t r a i n s  
of Pst .  anaerobius  and possesses  c e r t a i n  c h a r a c t e r i s t i c s  t h a t  a r e  unusual 
f o r  s p e c i e s  of a n a e r o b i c  c o c c i .  These i n c l u d e d  th e  c a p a c i t y  t o  
metabolize p ro l ine  and leuc ine  and the  a romatic  amino ac ids ;  ty ro s in e  and 
p h e n y l a l a n i n e  and w i t h  p r o d u c t i o n  o f  GABA, in  a d d i t i o n  t o  t h r e o n i n e ,  
s e r i n e ,  a l a n i n e ,  g l y c i n e  w i t h  p r o d u c t i o n  of  a -a m in o -b u ty r i c  acid.  The 
a c t i v i t y  o f  P s t .  a n a e r o b iu s  a g a i n s t  t y r o s i n e  a s  r e p o r t e d  by Babcock 
(1979) and L am ber t  and Moss (1980) and l e u c i n e  by B r i t z  and W i lk in s o n  
(1982) s t reng thens  the present  study. The production of i so cap ro ic  ac id  
in  PYG medium and t h e  u t i l i z a t i o n  o f  l e u c i n e  by t h e  s p e c i e s  o f  Ps t .  
anaerobius possibly  i n d ic a te s  c o n s t i t u t i v e  enzymes of catabolism of these  
amino a c i d s ,  s i n c e  th e  u t i l i s a t i o n  o f  l e u c i n e  t o  i s o c a p r o i c  a c i d  by 
a n a e r o b e s  was r e p o r t e d  by Elsheri  and H i l t o n ,  (1978). In  t h e  c u r r e n t  
c l a s s i f i c a t i o n  of AG-s-C t h i s  evidence agrees  with  the  v iewpoint of  Smith 
(1975),  who r e c o g n i s e a  th e  s p e c i e s  P s t .  a n a e r o b i u s  and P s t .  p u t r i d u s  a s  
d i f f e r e n t  organisms, al though Rogosa (1974c) considered many names such 
a s  P s t .  p u t r i d u s and P s t .  f o e t i d u s  a s  synonyms o f  Ps t .  a n a e r o b i u s ,  and 
Holdernan and  h e r  c o l l e a g u e s  r e c o g n i s e d  P s t .  a n a e r o b i u s  o n l y .  
U n f o r t u n a t e l y  th e  s t r a i n  P s t .  p u t r i d u s  was n o t  a v a i l a b l e  d u r i n g  th e  
course of t h i s  study. The separa t ion  of Pst .  anaerobius i s  based on few 
ch a rac te r s  including the de tec t io n  of the  s’no r t - ch a in  f a t t y  ac id s  by gas-  
i i q u i d - c h r o r n a t o g r a p h y , which a r e  q u e s t i o n a b l e  (Mead 1972, W el l s  and 
F i e l d ,  1976; Lam ber t  and A r m f ie ld ,  1 979 and Hansen and S t e w a r t ,  1976).  
T h e r e f o r e ,  in  o r d e r  to  p ro v id e  c l e a r  s e p a r a t i o n  o f  t h e  s p e c i e s  P s t .  
anaerobius  as  well  the o ther  members of anaerobic  cocci which are  non­
carbohydrate  fe rmente rs ,  the  amino acid  u t i l i z a t i o n  p a t t e rn  i s  o f  value 
fo r  t h i s  purpose.
1 6 9
6. Conclusions and Recommendations:
The broad taxonomic conclus ions  which can be drawn from t h i s  study 
f a l l  i n t o  6 main c a te g o r ie s  as  fo l lows:
1. The s u s c e p t i b i l i t y  o f  AG+C t o  t h e  t e s t e d  a n t i b i o t i c s  and dyes  was 
not s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  any o t h e r  b a c t e r i o l o g i c a l  c h a r a c t e r  
t e s t e d .
2. The a n a l y s i s  o f  t h e  e n d - p r o d u c t s  from c a r b o h y d r a t e  u t i l i z a t i o n  
r e v e a l e d  t h a t  th e  only  s p e c i e s  which can be s e p a r a t e d  from o t h e r  AG+C 
u s in g  G.L.C., were P s t .  ana e r o b i u s  and H. e l s d e n i i .
3. The work d e m o n s t r a t e d  t h a t  c e r t a i n  amino a c i d s  can be used t o  
d e v e lo p  d i a g n o s t i c  t e s t s  f o r  some common p a th o g e n i c  a n a e r o b i c  c o c c i ,  
p a r t i c u l a r l y  th o s e  which a r e  n o n - c a r b o h y d r a t e  f e r m e n t e r s .  They were  
e a s i l y  recognised on the  bas is  of t h e i r  u t i l i s a t i o n  o f  these  compounds, 
and suggest  t h a t  amino ac id  u t i l i s a t i o n  may be f u r t h e r  exp lo i ted  fo r  the 
i d e n t i f i c a t i o n  o f  AG+C. In c l i n i c a l  b a c t e r i o l o g y ,  f o r  example ,  two 
i m p o r t a n t  t e s t s ;  d e c a r b o x y la s e  and deam inase  a r e  w id e ly  used  f o r  
d i f f e r e n t i a t i o n  o f  th e  p a th o g e n ic  b a c t e r i a l  g ro u p s  among t h e  f a m i l y  
E n t e r o b a c t e r i a c e a e  (Edwards and Ewing, 1955 and Zwadyk, 1980). The 
occurrence of decarboxylase a c t i v i t y  in anaerobic  b a c t e r i a ;  p a r t i c u l a r l y  
B ac te ro ides . inc luding B. f r a e i l i s . Fusobacterium (Sphaerophorus) v a r iu s  
and Cl. s e p t i c u m was in v es t ig a ted  (Johnson and Drasar, 1976). These a re  
based on t h e  a n a e r o b i c  f e r m e n t a t i o n  o f  l y s i n e ,  o r n i t h i n e  and a r g i n i n e  
b a c t e r i a l  d e c a r b o x y la s e  enzymes and p h e n y l a l a n i n e  by p h e n y l a l a n i n e  
deaminase. In the  S tick land  re a c t io n  of c e r t a i n  anaerobic  b a c t e r i a ,  such 
a s  Cl. s p o ro g e n e s ,  m utua l  o x i d a t i o n - r e t i u c t i o n  be tween two amino a c i d s  
r e s u l t s  in deamination of both amino acids .  Such r e a c t io n s  f u r n i s h  the 
s o l e  sou rce  o f  energy .  S p e c i f i c  amino a c i d s  cou ld  a l s o  be used i n  t h e  
development of d iagnos t ic  t e s t s  fo r  AG+C. This was the main concern of  
t h e  p r e s e n t  s tudy  i . e . ,  t o  p ro v id e  more d i s c r i m i n a t i v e  c h a r a c t e r i s t i c s  
fo r  the  c l a s s i f i c a t i o n  of AG+C. Thus, fo r  the  f i r s t  t ime the  m a jo r i ty  of 
the  amino ac id s  were examined fo r  t h e i r  metabolism by the  organisms under
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study al though the  enzymatic mechanisms of  the  r e a c t io n  a re  not known. 
Therefore,  f u tu r e  work should t ry  to  i n v e s t i g a t e  the  poss ib le  pathway f o r  
the  metabolism of ind iv idua l  and simple  mixtures  o f  amino ac ids .
4. 'Few s t r a i n s  c f  th e  c a r b o h y d r a t e  f e r m e n t i n g  o rgan im s  cou ld  n o t  be 
spec ia ted  and i d e n t i f i e d  according to  t h e i r  u t i l i z a t i o n  of  amino ac ids .  
I t  i s  recommended th e re fo re  to  inc lude  the  fo l lowing  supplementary t e s t s  
to  overcome such problems, since these  t e s t s  a r e  simple and rep roduc ib le :
a) Acid p r o d u c t i o n  from g l u c o s e  i s  u s e f u l  f o r  th e  s e p a r a t i o n  o f  th e  
carbohydrate fermenting organisms from these  which are  non carbohydra te  
fe rmente rs .
b) Acid production from la c to se  and maltose is. of value in sep a ra t in g  
Pc. -s a c c h a ro lv t i c u s , M. e l s d e n i i , and S t r .  in te rmedius  from each other .
c) Tryp tophan  u t i l i z a t i o n  should  be r e p l a c e d  by th e  i n d o l e  t e s t ,  
because tryptophan i s  uns tab le  and usual ly  decomposed on the  ion-exchange 
r e s i n  column. In a d d i t i o n  t h e  i n d o l e  p r o d u c t i o n  t e s t  i s  u s e f u l  f o r  
s e p a r a t i o n  c f  Pc. p r e v o t i i  from Pc*, a s a c c ha r o l v t i c u s , s i n c e  t h e  only  
c h a r a c t e r i s t i c  f e a tu r e  of Pc*. p r e v o t i i  was the  production o f  o rn i th in e .
5 Another f e a tu re  of the  present study i s  the  eva lua t ion  of the c e l l  
wall  components as  an accura te ,  reproducib le  method fo r  c l a s s i f i c a t i o n  of  
Gram-posit ive b ac te r ia .  This in v e s t ig a t i o n  shewed th a t  th e re  a re  major 
d i f f e r e n c e s  in  t h e  amino a c i d  c o m p o s i t i o n  o f  t h e  c e l l  w a l l s  o f  t h e  
members of AG+C. Although the d e t a i l e c  s t r u c tu r e  of the peptidoglycan  
was n o t  s t u d i e d ,  t h e  m ola r  r a t i o  o f  t h e  amino a c i d  c o m p o s i t i o n  o f  t h i s  
s t r u c t u r e  va r ied  s ig n i f i c a n t l y  according to  species.  These d i f f e r e n c e s  
r e in fo r c e  and amplify the usefu lness  of  the  amino acid  u t i l i z a t i o n  fo r  
th e  c l a s s i f i c a t i o n  of th e s e  o rg a n i s m s .  On b a l a n c e ,  th e  s e p a r a t i o n  of  
most AG+C u s in g  t h i s  sys tem g e n e r a l l y  a g re e  w i t h  t h e  p r i n c i p l e  o f  
Holdernan, e t  a l . ,  (1977)? ana added v a l i d  c h a r a c t e r i s t i c s  f o r  c e r t i a n  
organisms such as the  d i f f e r e n t i a t i o n  of the  spec ies  c f  Pst .  micros  from 
Pc. magnus } and r e c o g n i t i o n  of th e  s p e c i e s  o f  Pc. v a r i a b i l i s  and Pc. 
a n a e r o b i u s a s  a v a r i a n t  s p e c i e s  o f  Pc. magnus.  The most u n e x p ec te d  
f i n d i n g  was t h a t  d e s i g n a t e d  r e f e r e n c e  s t r a i n s  o f  Pc. a s a c c h a r o l v t i c u s
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v a r i e d  s i g n i f i c a n t l y  in  t h e i r  amino a c i d  u t i l i s a t i o n  p a t t e r n  and c e l l  
wall  components. Therefore  a d d i t io n a l  s t r a i n s  must be s tudied  in  order  
t o  c l a r i f y  t h e  c h a r a c t e r i s a t i o n  and hence  th e  n o m e n c la tu r e  o f  such 
organisms.
6. The proposed  d i a g n o s t i c  scheme in  T ab le  2.4.4 i s  based  on t h e  
a b i l i t y  of the t e s t e d  organism to  u t i l i z e  amino a c id s  and carbohydrates.  
This system minimizes th e  t e s t s  used fo r  the  i d e n t i f i c a t i o n  o f  AG+C. The 
amino a c i d  u t i l i z a t i o n  can be c a r r i e d  o u t  a s  a s i n g l e  t e s t ,  s i n c e  t h e  
medium c o n t a i n s  a .m ix ture  o f  t h e s e  compounds,  where  a s m a l l  amount i s  
needed (1ml of  t h e  medium, or even l e s s  per  sample  i s  s u f f i c i e n t ) .  The 
a n a l y s i s  o f  amino a c i d s  can be a cc o m p l i s h e d  q u a n t i t a t i v e l y  u s in g  any 
s i m p l i f i e d  method such  a s  T h i n - l a y e r  ch rom atography  (TLC) w hich  i s  
c o n v e n ie n t  f o r  t r e a t i n g  many s am p le s  (up t o  10 s am p les  pe r  TLC s h e e t ) .  
This system a l so  e l im in a te s  the necess i ty  fo r  the use of GLC. However, 
f u r t h e r  work i s  needed t o  examine s im p le  c o m b in a t io n s  o f  amino a c i d s  
which t h i s  study has shown of p o t e n t i a l  va lue  fo r  d iagnos t ic  purposes.
1 7 3
APPENDIX
Appendix 1 Amino acid & amino-sugar.'Composition of the walls of
the species of the genus PeptococcuB»
Amino acids 
& amino 
sugars
Pc.
asaccharolyticus 
ATCC 29743 
a b
Pc.
asaccharolyticus 
ATCC 14963 
a b
PC.
aerogenes 
NCIB 10064 
a b
Glu 805 1.00 880 1.00 1015 1.00
Ala 1024 1.27 1161 1.32 1144 1.127
Gly 585 0.73 372 0.42 508 0.50
lys 274 0.34 745 0.85 250 0.25
DAP 92 0.11 95 0.11 81 0.08
Ser 421 0.52 242 0.28 338 0.33
Asp 402 0.50 380 0.94 413 0.41
Thr 421 0.52 220 0.25 325 0.32
Orn 518 0.64 --- --- 723 0.71
Pro 256 0.32 150 0.17 176 0.17
Val 457 0.57 311 0.35 420 0.41 r
11 494 0.61 315 0.36 453 0.45
Len 787 0.98 385 0.44 650 0.64
Tyr 146 0.18 117 0.13 135 0.13
Phe 311 0.39 172 0.20 264 0*26
6 AVA --- --- 59 0.07 ---
His 73 0.09 --- --- 74 0.05
Arg 183 0.23 103 0.12 122 0.12
Mur 256 0.32 519 0.59 311 0.31
Gly NH2 201 0.25 516 0.59 250 0.25
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A p p e n d . 2. Amino a c i d  an d  amino  s u g a r  compos i t ion  of t he  cell walls of t h e  g e n u s
Pep t os t  r e p t o co c cu s
P s t .  a n a e ro b iu s P s t  .m ic ro s P s t .  p a r v u l u s P s t .  p r o d u c t u s
ATCC 27737 ATCC 33270 VH 0546 ATCC 273 4 0
Glu 862 1.00 776 1.00 859 1.00 979 1.00
Ala 1139 1.32 841 1.08 1196 1.39 138 1 .42
Gly 391 0 .45 1078 1 .39 492 0.57 ' 400 0.41
lys 725 0 .84 307 0 .40 954 1.11 199 0 .2 0
DAP 90 0.11 65 0 .08 99 0 .12 771 0 .79
S e r 266 0.31 37.2 0 .48 351 0.41 223 0 .24
A sp 847 0 .98 618 0.80 514 0.60 284 0 .29
T h r 236 0.27 232 0 .30 340 0 .40 220 0.23
O rn — — 861 1.11 — — — —
P ro 184 0.21 112 0 .14 198 0.23 133 0 .14
Val 330 0.38 302 0 .39 419 0 .49 255 0 .2 6
11 328 0 .38 349 0.45 341 0 .40 268 0 .28
Leu 406 0.47 465 0 .60 554 0 .65 390 0 .4 0
T y r 123 0.14 130 0.17 150 0 .18 100 0 .10
P h en  
6  AVA 
His
179 0.21 228 0.30 238 0 .28 149 0 .1 5
71 0 .08  ' 37 0.05 100 0 .12 45 0 .0 5
r
A rg 110 0.13 84 0.11 189 0 .22 100 0 .1 0
Mur 484 0 .56 404 0 .52 296 0.34 628 0 .6 4
Glu NH2 477 0.55 400 0 .52 264 0.31 464 0 .4 8
S y m b o ls ; a)  = amino ac id  n mol p e r  mg of cell  wall
b ) = molar r a t io s  a r e  e x p r e s s e d  w ith  g lu tam ic  ac id  a s  a u n i t e .
1 7 6
Appendix 3 Amino acid and aminosugar composition of the cell walls
of the species of GaffK.ya anaerobia and Sarcina ventriculi
amino acids G. anaerobia Sarcina ventriculi
& aminosugars VPI 6288 VPI 6218
a b a b
Glu 1154 1 .00 811 1 .00
Ala 603 0.52 640 0.79
Gly 925 0.80 1406 1 .73
lys 1128 0.98 754 0.93
DAP 88 0.08 77 0.10
Ser 281 0.24 334 0.41
Asp 320 0.28 395 0.49
Thr 247 0.21 326 0.40
□rn -- -- -- --
Pro 171 0.15 200 0.25
Val 288 0.25 404 0.50 .
11 362 0.31 408 0.50
Leu 511 0.44 632 0.78
Leu 113 0.10 130 0.16
Tyr 216 0.19 265 0.33
Phe --- -- -- --
S ava 40 0.03 77 0.10
Arg 110 0.10 130 0.16
Mur 448 0.39 . 375 0.46
Glu NH 344 0.30 355 0.44
Symbols : a] =? amino acid n moles per mg of cell wall
b) = molar ratios are expressed with glutamic acid as a 
unite.
Appen. 4
Amino acid & aminosugars composition of the cell walls of the species 
of Megasphaera elsdenii and Veillonella parvulus.
Amino acids & 
aminosugars
M.elsdenii
ATCC 25940 
a b
Veillonella
parvulus 
ATCC 10790 
a b
Glu 843 1.00 791 1.00
Ala 1476 1.75 1137 1.44
Gly 524 0.62 360 0.45
lys 235 0.28 550 0.70
DAP 622 0.74 81 0.10
Ser 280 0.33 242 0.31
| Asp 400 0.47 735 0.93
Thr 277 0.33 232 0.29
Orn — — 984 1.24
Pro 195 0.23 163 0.21
Val 368 0.44 301 0.38
11 385 0.46 290 0.37
le 486 0.58 370 0.47
Tyr 140 0.17 142 0.18
Phe 195 0.23 169 0.21
S AVA — ----------- ----------- -----------
His 78 0.09 69 0.09
Arg 131 0.16 122 0.15
Mu 345 0.41 380 0.49
Glu Mi 438 0.52 309 0,39
a
symbols : a)= amino acid n mol per mg of cell wall
b)= molar ratios are expressed with glutamic 
acid as a unite.
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Appendix ! 1 Dendogram constracted 
from Unweighted-Pair-Group average 
-linkage analysis of the raw data 
( using all raw data on amino acids 
analysis only ).
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Abbreviations used for the chromatograms ( 12 - 26 )
1,aspartic acid; 2,threonine; 3,serine; 4,glutamic acid;
5, proline; 6, glycine; 7 , alanine; S^-amino butyric acid; 9, valine;
10,methionine; 11, isoleucine; 12,leucine; IS,internal standard 
(norleucine); 13,tyrosine; 14,phenyl lanine; l^y-amino butyric acid; 
16,histidine; 17,ornithine; 18,lysine; 19,tryptophan; 20,arginine;
U,completely utilised; IU, incomplete utilisation; P, produced.
An uninoculated ( control ) and an inoculated medium were 
incubated in an anaerobic atmosphere ( containing 85 % nitrogen;
10 % CO^ and 5 % hydrogen )in an anaerobic cabinet at 37 C for 
7 days.
1 8 5
A p p e n d ix  1 2 .  C h r o m a to g r a m  s h o w e d  a  s t a n d a r d  m ix t u r e  o f  2 2  n i n h y d r i n e - p o s i t i v e  c o m p o u n d s .
h 1 *) n k
1 !
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A p p e n d ix  1 3 . C h ro m a to g ra m  fro m  t h e  a n a l y s i s  o f  an  u n i n o c u l a t e d  m edium  ( c o n t r o l  ) .  
T h e  r e s u l t s  o b t a i n e d  fr o m  t h e  c u l t u r e s  o f  P c .  n i g e r  (ATCC 2 7 7 3 1 ) . P s t . p a r v u l u s  (V P I  0 5 ^ 6 )  
a n d  S t r .  m o r b i l lo r u m  (ATCC 2 7 5 2 7 ) s h o w e d  t h a t  n on e  o f  t h e  g i v e n  a m in o  a c i d s  w a s  u t i l i s e d .
X X W
©
©
00 0
ft— r— ft- {
A p p e n d ix  11* . T y p i c a l  c h r o m a to g r a m  o f  a m in o  a c i d s  u t i l i z e d  b y  s t r a i n  o f  P s t .  a n a e r o b -  
i u s  (ATCC 2 7 3 3 7 ) .  W ith  t h e  e x c e p t i o n  o f  a s p a r t i c  a c i d ,  g l u t a m i c  a c i d ,  v a l i n e ,  a n d  l y s i n e ,  
a l l  a m in o  a c i d s  t e s t e d  w e r e  u t i l i s e d .  M e t h io n i n e  a n d  i s o l e u c i n e  w e r e  p a r t i a l l y  u t i l i s e d  .  
B o th  ct - a m i n o b u t y r i c  a n d  b - a m i n o b u t y r i c  a c i d s  w e r e  p r o d u c e d .
1 8  6
2 1 2 . S 1 ©
A p p e n d ix  1 5 .  T y p i c a l  c h r o m a to g r a m  w a s  o b t a i n e d  fr o m  t h e  c u l t u r e  o f  P a t .  p r o d u c t u a  
(ATCC 2 7 3 ^ 0 ) .  S e r i n e ,  a l a n i n e  a n d  h i s t i d i n e  w e r e  c o m p l e t e l y  u t i l i s e d .
©
e
A p p e n d ix  1 6 .  T y p i c a l  c h r o m a to g r a m  fr o m  t h e  u t i l i s a t i o n  o f  a m in o  a c i d s  b y  G_j_ a n a e r -  
o b i a  (V P I  6 2 8 8 ) .  T h r e o n in e  a n d  s e r i n e  w e r e  c o m p l e t e l y  u t i l i s e d .  A r g i n i n e  w a s  p a r t i a l l y  u t ­
i l i s e d .
Z 2  3 to
00
Hr—
©
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A p p e n d ix  1 7 .  T y p i c a l  c h r o m a to g r a m  f o r  t h e  u t i l i s a t i o n  o f  a m in o  a c i d s  b y  V .p a r v u l a  
( ATCC 1 0 7 9 0  ) , w h ic h  i s  a  G r a i n - p o s i t i v e  c o c c u s .  Two a m in o  a c i d s  ( t h r e o n i n e  a n d  s e r i n e  ) 
o n l y  w e r e  u t i l i s e d .
1 8  7
1Z22SS
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A p p e n d ix  1 8 .  T y p i c a l  c h r o m a to g r a m  f o r  t h e  u t i l i s a t i o n  o f  a m in o  a c i d s  b y  P c .  s a c c -  
h a r o l y t i c u s  (  ATCC 1 ^ 9 5 3  )*  S t r .  i n t e r m e d i n s  ( 2 7 3 3 5 )  M., e l s e d e n i i  (ATCC 2 5 9 ^ 0 ) *  A l l  t h e s e  
s p e c i e s  sh o 'w ed  t h e  sam e c h r o m a t o g r a p h ic  p r o f i l e s  ( s e r i n e  a n d  a r g i n i n e  w e r e  u t i l i s e d  a n d  
o r n i t h i n e  w a s  p r o d u c e d  ) .
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A ppendix  2 1 . T y p ic a l  ch rom atog ram  o f  am ino a c i d s  u t i l i s e d  by b o th  s t r a i n s  o f  P c . g ly -  
c in o p h i l u s  ( ATCC 23195 ) and  P s t . m icroB  ( ATCC 33270 ) .  S e r i n e ,  g l y c i n e ,  and  a r g i n i n e  
w ere  u t i l i s e d ,  o r n i t h i n e  was p ro d u c e d .
A p p e n d ix
t r i c u l i  (  V PI 6 2 1 8  ) .  S e r i n e ,  an d  g l y c i n e  w e r e  u t i l i s e d .  O r n i t h i n e  w a s  p r o d u c e d .
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A ppendix  23 C hrom atogram  shows th e  r e s u l t s  o f  th e  u t i l i s a t i o n  o f  am ino a c i d s  i n  th e  
medium by th e  s p e c i e s  o f  P c . a e r o g e n e s  (NCIB 1007*+) and P c . i d o l i c u s  (ATCC 29*+27). S e r i n e ,  
g lu ta m ic  a c i d ,  h i s t i d i n e ,  t r y p to p h a n  an d  a r g i n i n e  w ere  u t i l i s e d .
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A ppendix  2*+. T y p ic a l  ch rom atog ram  show s th e  am ino a c i d s  u t i l i s e d  by P c . a s a c c h a r o l -  
y t i c u 6  (ATCC 1*+963). T h re o n in e , s e r i n e ,  g lu ta m ic  a c i d ,  h i s t i d i n e ,  an d  t ry p to p h a n  w ere  u t i ­
l i s e d ,  cc-am ino  b u t y r i c  a c id  was p ro d u c e d .
©
A ppendix  25* T y p i c a l  ch rom atog ram  shows th e  u t i l i s a t i o n  o f  am ino a c i d s  by P c . a sa c c h -  
a r o l y t i c u s  ( ATCC 297*+3 ) •  S e r in e ,  g lu ta m ic  a c i d ,  h i s t i d i n e ,  and  t ry p to p h a n  w ere  u t i l i s e d ,  
ce-am ino b u t y r i c  a c i d  was p ro d u c e d .
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A ppendix  2 6 . C hrom atogram  shows th e  r e s u l t s  o f  th e  u t i l i s a t i o n  o f  th e  am ino a c i d s  by 
th e  B t r a in  P c . p r e v o t i i  ( ATCC 9321 ) .  T h r e o n in e ,  s e r i n e ,  g lu ta m ic  a c i d ,  h i s t i d i n e , t r y p t o ­
phan  and a r g i n i n e  were u t i l i s e d .  O r n i th i n e  was p ro d u c e d .
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